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With the requirements of regulatory bodies, customers and business partners, Chinese 
construction sector have been driven to imitate and implement green Supply Chain 
Management (SCM) for their companies, to gain economic benefits and to become sustainable. 
This research aims to investigate and identify green SCM practices that can potentially help 
improve environmental and economic performance of organisations in Chinese construction 
sector, leading to improved sustainability. With data collected from 103 companies in Chinese 
construction industry, an exploratory factor analysis was conducted to derive groupings of 
green SCM pressures/ drivers, practices and performance. Analysis of variance and t-tests were 
introduced to assess the variations in green SCM pressures/drivers, practices and performance 
for different sized enterprises and different industry sectors. Using regression analysis, 
relationships between green SCM pressures/ drivers, practices and performance were examined. 
To gain in depth insight into the causal relationship among factors obtained from the empirical 
studies, two case studies were conducted. This research also explored and identified gaps 
existing between green SCM in Chinese construction industry and British construction industry 
through benchmarking exercise. The main findings from the empirical studies result reveal that: 
1) Regulations and internal factors are considered as important green SCM drivers and 
pressures. Medium and large sized Chinese companies face higher regulatory pressures than 
small firms. 2) Case studies confirm that green SCM is not a new concept in Chinese 
construction industry. Companies have begun to change their focus from improvement in one 
supply chain entity to the entire supply chain. 3) Chinese construction companies seem to be 
more matured in their adoption of green procurement practices than companies in building 
material sector. 4) There is not any significant relationship between green SCM practices and 
performance since most of the enterprises just initiate implementing green SCM practices. 
Medium and large sized companies in Chinese construction industry have better economic 
performance than small sized companies. The results from the benchmarking exercise against 
British construction sector reveal that: 5) Green SCM implementation in British construction 
sector is more comprehensive and effective because customers and suppliers in Britain have 
more proactive involvement in adopting green SCM practices. 
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Introduction  
Business operations and changing individual consumption patterns over the last two decades 
have put our resources and environmental systems under risk, which resulted in increased 
carbon emission and climate change. To meet the needs for the present in terms of human and 
economic development, without compromising the quality of life of future generations, the 
sustainable development campaign was launched all over the world.  Especially after China’s 
entry into WTO (World Trade Organization), may result in higher environmental 
pressures/drivers for Chinese enterprises to refine environmental performance (Zhu and Sarkis, 
2006).  China is one of the top emitters of greenhouse gases, and China emits about 10.5 billion 
tonnes of carbon dioxide in 2014 (PBL Netherlands Environmental Assessment Agency, 2015). 
Being one of the top emitters of greenhouse in China, construction industry is subjected to a 
mandatory emissions reduction target. China agrees to a mandatory 20% cut in emissions by 
2020 (Liu, 2015), which imposes heavy pressure for construction industry supply chain to 
reduce their carbon footprints. In the 12th Five Year Plan (FYP) of Chinese government, rolled 
out in 2011, new metrics and goals were established for reduction of carbon emissions per unit 
of GDP of 17% by 2015 over the 2010 level. The 12th FYP also includes aggressive targets for 
green buildings: A 65% reduction in energy consumption compared to 1980 building stock, an 
increase in the number of buildings that qualify for China’s 3-Star sustainability rating, and a 
housing industrialization programme.  
To achieve the ambitious targets set in the FYP, organisations in China are under huge pressure 
to green their regular practices, by integrating environment considerations into their daily 
operations and long-term business strategies. Every single organisation is an entity in a supply 
chain (SC) where products and service are sourced, manufactured, stored, distributed and 
consumed. Carbon emissions are produced by the whole SC, rather than by individual 
organisation. According to Carbon Trust (2006), carbon emissions are produced by human 
activities to grow the economy and satisfy human goals in obtaining goods and services. As a 
result, greening SCs has become increasingly important for organisations to reduce their carbon 
emissions and the negative impacts. China’s State Environmental Protection Administration 
(SEPA) is enacted for emission control due to rapidly expanding wealth and prosperity (China 
Daily, 2011).  
As a more systematic and integrated strategy that helps organizations achieve profit and market 
share objectives while reducing carbon emissions and raising ecological efficiency, the concept 
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of green supply chain management (SCM) emerged in the late 1990s including green 
procurement and purchasing (Min and Galle, 1997; Gunther and Scheibe, 2006), environmental 
purchasing (Carter, Kale and Grimm, 2000; Zsindisin and Siferd, 2001), green logistics 
(Murphy and Posit, 2000), sustainable supply chain (Linton, Klassen and Jayaraman, 2007; Bai 
and Sarkis, 2010), sustainable supply network management (Young and Kielkiewicz-Young, 
2001), demand and supply sustainability in the networks of corporate social responsibility 
(CSR) (Kovacs, 2004; Cruz and Matsypura, 2009), and supply chain environmental 
management (Sharfman, Shaft and Anex, 2009). 
Being driven by different drivers or pressures, Chinese firms have started adopting green SCM 
giving special attention to environmental issues from different directions. Analysis of green 
SCM drivers and pressures from a Chinese industrial perspective follows limited research: 
Chan and Lau (2001) evaluated the motivational factors that influence green purchasing in 
Chinese firms in Shanghai and found the expectation of customer was a significant factor 
influencing green purchasing behaviour. Christmann and Taylor (2001) also found the 
expectation of foreign customer was an important factor driving green purchasing to be adopted 
by suppliers in Shanghai and Shenzhen. Zhu and Geng (2001) found Chinese state-owned 
enterprises encouraged their suppliers to adopt and implement environmental activities through 
integrating environmental issues into supplier selection. Zhu, Sarkis and Geng (2005) found 
Chinese enterprises had increased their environmental awareness under the pressures from 
regulations and competitors in the market. However, this awareness had not been translated 
into strong adoption of green SCM.  Zhu, Sarkis and Lai (2007) analysed pressures for green 
SCM from a Chinese automobile industry’s perspective and identified regulative, market, 
suppliers and internal pressures, and the findings revealed that Chinese automobile industries 
were facing high and increasing regulatory and market pressures. While in the meantime these 
industries were also facing strong internal drivers for green SCM practice adoption.  Chan, et 
al., (2012) found foreign-invested enterprises operating in China were facing high pressures to 
establish long-term relationships with their foreign investors who pressurised Chinese 
enterprises to implemented green SCM practice. Construction industry accounts for around 9% 
GDP of China (National Bureau of Statistics of China, 2016), it is a pillar industry of China’s 
economy. However, there is a lack of research investigating the pressures experienced by 
Chinese construction industry on green SCM. To bridge the gap in the under researched area, 
the initial objective of this study is to identify pressures faced by Chinese construction industry 
implementing green SCM.  
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Green SCM has been widely studied in the last two decades. The impacts of adoption of green 
SCM practices on firm performance has so far been inconclusive. Zsidisin and Hendrick (1998) 
reported that activities such as product design, investment recovery, hazardous materials 
control, and environmental purchasing has all had positive influence on environmental 
performance.  The findings are supported by the interviews with managers in the US, UK and 
German enterprises. It is believed that supports from the mid-level managers was a key factor 
of internal environmental management which for improving organisational performance as a 
whole in Germany (Carter, Ellaram and Kathryn, 1998). Support from senior management 
support also play a significant role on improving firm performance in the U.S. and Germany 
(Carter, Kale and Grimn, 2000). Government driven initiatives were identified as important 
elements supporting environmental improvement in small and medium-sized enterprises in the 
UK (Holt, Anthony and Viney, 2001). Green SCM practices such as internal environmental 
management, external green SCM, eco-design and investment recovery were identified to 
improve enterprises’ environmental performance in Chinese manufacturing and processing 
enterprises (Zhu and Sarkis, 2004). If the present study finds a positive causal relationship 
between green SCM implementation and performance, the same can act as a motivating factor 
for supply chain managers in Chinese construction industry to proactively adopt green SCM 
practices. This research is one of the earliest studies to conduct survey to assess the adoption 
of green SCM practices in Chinese construction industry and explore the relationship between 
green SCM practices and performance.   
Implementations and activities of green SCM do not end at the boundary of organisations, and 
there is a need to investigate green SCM across the whole chain (Zhu, Sarkis and Geng, 2005), 
which encompasses product stewardship, extended producer responsibility, product life cycle 
analysis, operational life cycle analysis, industrial ecology and industrial eco-systems. It is 
critical for every entity in the SC to take actions on greening their operations to achieve the 
green SCM. In a board sense, Zaklad, et al., (2004) and Carter (2000) also think green SCM 
falls within the literature of sustainability and ethics which incorporates the economic and 
social influences. Analysis on green SCM performance in Chinese industrial sector is under 
researched: Zhu and Sarkis (2004) used economic and environmental performance as the 
criteria to assess the relationship between green SCM practices and performance. Economic 
performance is measured against the decrease of fine for environmental accidents, fee for waste 
treatment and discharge, cost for energy consumption, cost for material purchasing, increase 
of operational cost and investment; while environmental performance is assessed in terms of 
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reduction of solid waste, waste water and air emission. The research was conducted as an 
empirical study with Chinese manufacturing and processing companies. In addition to the 
economic and environmental performance, improvement in flexibility, delivery, quality, cost 
and customer satisfaction was also considered as one of the green SCM performance criteria 
(Chavez, et al. 2016) in Chinese automotive manufacturers. However, there is little research 
identifying green SCM performance metrics for Chinese construction industry’s green SCM.  
Although the sustainability has been investigated for a wide range of industrial sectors in China, 
including automobile (Zhu et al, 2007), steel industry (Zhang et al, 2009), energy and resources 
(Shen et al, 2005), agriculture (Cai and Smit, 1994), etc., there is virtually no rigorous research 
on environmental sustainability issues facing the construction or real estate development 
supply chain in China. The increased carbon emission from estate buildings is an issue that has 
reached public consciousness more and more. There is an emerging concern about the potential 
impact of increased carbon emissions on environment, ecological system and public health. 
This research aims to investigate and identify green SCM practices that can potentially help 
improve environmental and economic performance of organisations in Chinese construction 
sector, leading to improved sustainability.  This research focuses on the current state of affairs 
in Chinese construction supply chain while highlighting issues that are helping or hindering 
organizations in the construction supply chain to adopt and implement green practices.  
Five research objectives are constructed to fill the literature gap and achieve the research aim: 
1) To investigate and identify essential pressures/drivers for implementation of green SCM, 
key success factors of green SCM practices and key performance indicators for successful 
implementation of green SCM practices in Chinese construction sector by factor analysis 
approach; 
2) To evaluate and determine if construction organisations differ in the green SCM 
pressures/drivers, practices and performance with an emphasis on their sizes and nature of 
business by ANOVA and t-test approach; 
3) To investigate causal relationships among green SCM pressures/drivers, practices and 
performances by correlation and regression analyses approach; 
4) Through two cases studies, to gain an in-depth analysis on how construction organisations 
address the green SCM pressures/drivers, practices and performance; 
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5) To benchmark Chinese green SCM practices against the British practices in construction 
sectors, identify gaps and best practices, and deliver grounded recommendations for future 
practice.  
To explore the environmental sustainability issues, the empirical work investigated a large 
sample of organisations in the construction supply chain, with regard to their operations on 
environmental sustainability issues. The empirical results provide an overview of the general 
industry and its practices, and will help inform the discussion on managerial, policy, and 
research directions for environmental sustainability in the Chinese construction supply chain.  
The structure of the paper is as follows. In Chapter 1, the researcher reviews the relevant 
literature, and developed the research framework and posited hypotheses of this study in 
Chapter 2. In Chapter 3, research methodology is discussed including research design 
administration of questionnaire, process of case study and benchmarking method. Chapter 4 
discusses data collection and collation, and tools and techniques for data analysis; it also 
presents the results of data analysis along with discussion on the results. Chapter 5 and Chapter 
6 present applications of case studies and benchmarking, Chapter 7 discusses the major 
findings from empirical analysis and case studies. The implications for supply chain managers 
and the governments are presented in Chapter 8. Finally, concluding remarks and directions 
for further research are presented in Chapter 9.  
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Chapter 1 Literature Review  
 
Based on a review on the extant literature related to green SCM concepts, as well as product 
and operational life cycles, we identify the essential pressures/drivers on 
adopting/implementing green SCM practices, a list of green SCM practices and key 
performance indicators for successful implementation of green SCM practices. Drivers on 
green SCM adoption and implementation are identified as regulative, market and corporate 
internal pressures. Green SCM practices include corporate internal environmental management, 
green procurement, green distribution and reverse logistics, and government involvement. Two 
types of green SCM performance are adopted, i.e. environmental performance and economic 
performance.  
 
1.1 Green SCM conception  
Traditional SC is defined as the extent of logistics, while a more contemporary concept defines 
SC as the chain that ‘contains all operations related to the transformation and flow of 
information as well as flow of goods from the stage of raw material, through to the end user’ 
(Handfield and Nichols, 1999). SCM is a developing theory of management, and was 
introduced as a result of increased competition in international markets (Seuring, 2001). To 
achieve the sustainable competitive advantages, SCM improves the inter-relationship and 
corporation between SC parties, and integrates the cooperation across the supply chain.  
Green SCM meets with demand on pollution abatement and energy conservation to enhance 
operational efficiency, waste reduction, or to purchase environmental superior products (Zhu 
and Cote, 2004). One of the aims of green SCM is to balance the economic performance with 
issues of environment. As such, a wide range of initiatives for green SCM have been introduced 
to SC entities, consisting of packing for re-manufacture and re-use, developing reverse logistics 
system to recover product, providing training to build supplier’s capacity of environmental 
management, and supervising suppliers for environmental performance (Zhu, Sarkis and Geng, 
2005). Effective implementation of green SCM enable organisations to not only gain 
environmental benefits but also to generate economic profits. Green SCM is considered as a 
relatively advanced management practice to generate environmental benefits; it is also viewed 
as a new philosophy of environmental management which incorporate the entire SC 
(Narasimhan and Carter, 1998). 
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In application, green SCM can be utilised in parallel, or by overlapping with other 
environmental approaches, such as environmental management system and cleaner production 
system, to further enhance the green performance. The key elements needed for developing a 
green SCM approach (Nagel, 2000), include: 1) the attention to production process; 2) the 
attention of material content of components and products; 3) an awareness in the relationship 
of customer-supplier; 4) cost effectiveness; 5) the concentration on environmentally 
technological innovation; 6) the internal direct driver of green SCM; and 7) a strategy driven 
program of green SCM. It is recommended that product and operational life cycle could be 
regarded as more tactical set of organisational factors that necessarily affect impact both 
internal and external green SCM in organisations (Sarkis, 2003).  
  
1.2 Product and operational life cycle influences green SCM  
The impacts of environment exist at all phases of product life cycle (Zhu, Sarkis and Geng, 
2005). The product life cycle positioning of a product necessarily affects the green SCM in an 
organization. A typical life cycle of product involves four stages (Glessner and Gillis, 2012), 
including 1) an introduction phase of product which is characterised by the investment in 
research and development of product; 2) a growth phase of product which is characterised by 
the increasing logistics channels and production capacity; 3) a maturity phase of product in 
where the cost and process efficiencies are implemented typically; 4) and a decline phase of 
product which is focusing on the divestment of product.  
In the introduction phase of a product, the product design for environmental issues can play an 
important role on the environmental performance of such as product. While in the mature phase 
and decline phases, efficient reverse logistics system and the process of improvement will 
influence the organizational environment performance (Sarkis, 2003). Environmental 
management decisions become more complex for the multiproduct analysis. Depending on the 
products’ life cycle maturity, there should be differentiated green SCM strategies within the 
product portfolio (Aitken, Childerhouse and Towill, 2003).  
Operational life cycle of the organization is regarded as more tactical set of organisational 
factors that impact both internal and external SCM (Ninlawan, et al., 2010). The main 
components of operational life cycle include 1) procurement, 2) production, 3) distribution, 4) 
reverse logistics and 5) packaging.  
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The procurement decision will impact the green SC, through the type of purchased materials 
(reusable or recyclable), or through the selection of vendors (Ghobakhloo, et al., 2013). 
Procurement department needs to decide whether to outsource the components or processes for 
environmental purposes if outsourcing is to be used. ISO 14000 certification becomes selection 
criteria, as it indicates the vendors meet the environmental requirements and their 
environmental risks are lessened (Zsidisin and Hendrick, 1998).  
The production process impacts the green SC in many ways (Sarkis, 2003), including 1) how 
well the processes are designed for the waste prevention, 2) capabilities to integrate 
remanufactured or reusable components into the systems, and 3) a capability process to reuse 
the materials. Since the production is usually the internal focus of an organisation, the process 
of production becomes the function that enables the advancement and the innovations of the 
environmentally sound technological process (Gillett, 1993), which allows the organisation to 
be more directly observing the benefits of the new innovated process.  
Operation networks of transportation and distribution are also significant characteristics of 
operation that can influence the green SC (Ninlawan, et al., 2010). Decisions of just-in-time 
policies, control system, mode of transportation, and distribution outlet locations, cannot only 
impact the forward logistics network, but also influence reverse logistics network (Zsidisin and 
Hendrick, 1998; Zhu, Sarkis and Geng, 2005). The operation of distribution is most closely 
tied to the customers’ requirements and characteristics. Therefore, involvement of customer in 
the design and development of distribution system seems to provide the efficient and effective 
distribution network (Sarkis, 2003).  
The operation of reverse logistics may be the least developed functions of operation (Zhu, 
Sarkis and Geng, 2005). The reverse logistics primarily focus on the return of reusable and 
recyclable materials and products into the forward SC from the environmental perspectives. 
The typical activities in a reverse logistics are 1) collection, 2) separation, 3) densification, 4) 
transitional processing, 5) delivery, and 6) integration (Pohlen and Farris, 1992). To have a 
fully operational reverse logistics system, there need to be not only a network for the collection 
process, but also a number of the processes and systems.  
Packaging has the strong relationships with other functions of life cycle of operation. The key 
features of packaging in terms of materials, shape and size can influence distribution (Sarkis, 
2003). Along with rearranged from loading patterns, better packaging can 1) reduce the amount 
of handling required, 2) increase utilisation of space in the trailer and warehouse, and 3) reduce 
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materials usage. However, adoption of returnable packaging requires an effective channel of 
reserve logistics and a strong relationship with customers and suppliers. The efficiency in 
packaging directly affects the environment.  
Product and operational life cycle analyses do not end at the boundary of organisations, and 
there is a need to investigate how to balance environmental and economic performance across 
the whole chain. It is critical for every entity in the SC to take actions on greening their 
operations to achieve the green SCM (Zaklad, et al., 2004).  In a board sense, organisations 
facing pressures from community, regulatory bodies, and competitors are more active in 
implementing activities for sustainability, to improve both economic and environmental 
performance.  
 
1.3 Green SCM drivers/ pressures   
Balancing environmental and economic performance is increasingly becoming important for 
the organisations facing community, regulatory, and competitive pressures. Several studies 
have identified potential groups that can be regarded as explanations as to why green SCM is 
adopted. For example, Henriques and Sadorsky (1999) identified critical environmental 
stakeholder groups, including 1) organizational stakeholders who have direct financial impacts 
on organisations, 2) regulatory stakeholders, which have the capacity to set regulations and 
standards, 3) environmental organisations and community groups, which can mobilise public 
opinion against or in favour of environmental policies of organisation. Different types pressures 
are incurred all over the world, thus, organisations have improved environmental control to 
cope with the pressures and drivers on green SCM.  
• Regulations  
The coercive driver refers to the influence imposed by those in power such as government 
agencies and the regulatory regime, which can also be regarded as the regulative pressures (Zhu 
and Geng, 2013; Rivera, 2004). Regulatory stakeholders are identified by Henriques and 
Sadorisky (1999) as one of the critical environmental stakeholder groups, which either have 
the ability to influence governments to set regulations or set regulations on their own. This 
pressure is imposed on companies internally, but the way companies deal with the pressure 
varies significantly. Spanish industrial firms (including food, textile, wood, stationary, 
chemistry, metal-mechanical, transport and electronics) successfully turned the external 
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pressure into opportunities for driving the environmental activities (Del and Jaunquera, 2003). 
Chinese automobile industry has faced to challenges of environmental barriers in the EU, U.S., 
Japan and Korea (Yang, 2010). Since China’s entry into the WTO (World Trade Organisation), 
some countries had put forward the environmental requirements for the dyes and fabrics of 
clothes imported from China, and requested a certification of wood products imported from 
China (Zhu, Sarkis and Geng, 2005). If Chinese organisations do not meet the associated 
international environmental standards, there would be penalties imposed on these organisations. 
The global environmental issues force big countries like China to take actions on meeting 
environmental requirements. As such, Chinese state-owned firms have developed environment 
management system, to be compliant with environmental law and improve their environmental 
performances. Their environment management systems are independently certified to the 
international standard ISO 14001 (Zhu and Geng, 2001). Kyoto Protocol commits companies 
to reduce greenhouse gas emissions, and imposed further pressures on the industry that emits 
greenhouse gas (Zhu and Sarkis, 2006). With the introduction of the environmental regulations 
in China, Chinese manufacturers are encouraged to reduce, reuse and recycle materials; and 
they are also required to label the toxic content.  
The relevant items on regulative pressures included in the study are as following: 
environmental regulations, domestic regulations, and foreign regulations. 
• Market  
The normative driver comes from the external stakeholders such as customers, and this driver 
usually drives organisations to implement the environmental activities. Organisational 
stakeholders such as customers can have the direct financial impact on the organisation. Chan 
and Lau (2001) point out that the customers increasingly have enhanced the environmental 
awareness and prefer the ‘green’ products. The translations of green procurement intention to 
relevant behaviour had been observed more and more among customers (Chan and Lau, 2001). 
For example, Christmann and Taylor (2001) claim that sales and export to foreign customers 
are the major drivers for environmental activities of organisations. In the process of 
globalisation, customers increase raise demands on Chinese organisations, requiring them to 
meet environmental standards. The global pressure usually surpassed the domestic 
requirements. Some countries such as U.S. and Japan have put forward different environmental 
requirements on garment imported from China (MFTECO, 2003). Leading organisations from 
developed countries not only evaluate their direct suppliers but also assess their second-tier 
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suppliers. As such, many Chinese companies acquire ISO 14000 certification, under the SC 
pressure in environmental management, imposed by their foreign clients (Zhu and Sarkis, 
2006).  
Green SCM pressures from foreign customers is driving Chinese firms to self-regulate and 
especially acute in China. For example, due to the green barriers to Chinese exports, about 20 
billion US dollars of commodities were rejected by developed countries for exporting between 
1997 and 1999 (News Agency of Xinhua, 2001). Although the green procurement behaviours 
of Chinese customers lag behind those of the customers living in developed countries, younger 
Chinese customers are increasing their environmental awareness and prefer environmental 
friendly products (Chan and Lau, 2001; Lo and Leung, 2000). The demands from customers 
on green products motivate organisations to incorporate environmental activities into their 
operation activities (Kagan, Gunningham and Thornton, 2003). For example, the building 
material manufacturer such as Ecocative uses natural resin and cellulose based materials such 
as flax, canola and hemp to manufacture replacement for fibreboard, plywood and 
particleboard (Ecovativedesign, 2015).  Therefore, the coercive drivers such as environmental 
regulations and normative drivers like market or customer are considered as drivers to the green 
SCM practices.  
Items related to market pressures have been classified as domestic customers’ expectations on 
green products and foreign customers’ expectations on green goods.  
• Internal factors  
The mimetic drivers can also be considered as one of the drivers of environmental management 
practices. It occurs when organisations mimic the practices of successful competitors when 
responding to the natural environmental issues (Bergh, 2002). Competitors also impose 
pressures to implement environmental activities (Carter and Carter, 1998). Chinese companies 
have gained benefits by learning from clients and competitors. In Zhu and Liu’s (2010) study, 
they find Chinese companies learned good environmental practices from leading competitors 
in developed countries, and implement them proactively in China. Their products therefore 
meet environmental requirement, which enable them to win the bidding and become main 
suppliers to many FDI (foreign direct investment) and joint venture companies. Zhu and Geng 
(2001, 2013) support that mimetic driver motivates organisations to imitate the activities of 
their successful competitors, such a creating their environmental images, addressing 
environmental policies and missions, and taking liability for safe disposal hazardous materials. 
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This mimetic driver can be considered as the internal factor that plays as an important role in 
driving organisation environmental practices.  
The following items on corporate internal pressures have been investigated in this study: green 
image, environmental policies and/or missions, and liability for disposal of hazardous materials.  
The detailed list of green SCM pressures is summarised in Table 2.1, including: environmental 
regulations, national regulations, foreign regulations, domestic customers’ expectations, 
foreign customers’ expectations, green image, environmental policy, liability for disposal 
hazardous materials.  
 
1.4 Green SCM practices  
Proactive companies have greater level of implementation of green SCM practices, such as 
green purchasing, internal environment management, and eco-efficiency to enhance 
sustainable performance and corporate image (Zhu and Geng, 2001). Internal environmental 
management is key to improve the environmental performance, which consists of a set of 
activities to achieve environmental targets of organisation, as either imposed by legislation or 
defined by managers (Rao, 2002). Green procurement focuses on as to whether the purchased 
materials are reusable or recyclable, or have been recycled already (Sarkis, 2003). It allows 
organisations to offset environmental and financial risks, rather than inheriting it from suppliers 
(Zsindisin and Siferd, 2001; Carter, Kale and Grimm, 2000). Green distribution and reverse 
logistics have important impacts on green SCM (Zhu, Sarkis and Geng, 2005). The operation 
of green distribution is most closely tied to the customers’ requirements and characteristics. 
European and United States companies have considered reverse logistics as an important aspect 
for green SCM (Zsidisin and Hendrick, 1998). Government involvement in green SC has 
shifted emphasis from pollution control to the product life cycle (Lee, 2008). Activities of 
government involvement range from direct financial and technical support to indirect 
infrastructure development and encouragement with tax-cut incentives for environmental 
complexes (Holt, et al., 2001).  
• Internal environmental management  
The internal environmental management is a key to improve the environmental performance. 
The middle and top management should be totally committed to ensure the complete 
environmental excellence due to the support from managers is the necessary driver for the 
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successful implementation and adoption of most activities, programs, technology, and 
innovations (Carter, Kale and Grimn, 2000). Furthermore, the mid-level managers’ support is 
important for successfully implementing the internal environmental management (Carter, 
Ellram and Kathryn, 1998). The positive relationship and communication in the environment 
management (Bowen, et al, 2001). The perceptions of mid-level managers of the environmental 
proactivity can lead to a positive environmental outcome (Aspan, 2000). Cooperation between 
different departments in organisations is also important in the successful environment and 
business relationship (Zhu and Sarkis, 2004). In the theory of operational life cycle of the 
organisation, as an internal environmental practice, the process of production impacts the green 
SC in many ways (Sarkis, 2003), including 1) how well the processes are designed for the 
waste prevention, 2) the capabilities of integrating remanufactured or reusable components into 
the system, 3) and the capability to reuse the recycled materials. Gillett (1993) states that the 
process of production equipped with the environmentally sound technological innovations is 
most advanced. Introducing environmental innovation to the production process would 
enhance the environmental friendliness of the finished product and bring benefits to the 
organisation, such as improved corporate image, increased market share, increased profits etc.  
The items on internal environmental management practices included in the study are following- 
supports from senior level management team for environmental activities, commitment from 
mid-level managers for environmental actions, inter-departmental cooperation for 
environmental improvement, and improvement of production process.  
• Green procurement  
On the other side, in external green SCM practices, the decisions of procurement focus on if 
the purchased materials are either reusable or recyclable, or have been recycled already. ISO 
14000 certification is important criteria used in supplier selection phase (Zhu, Sarkis and Geng, 
2005). Additionally, the suppliers with lower risks on environment are preferred. Lessing or 
reducing risks on environment would help suppliers to gain benefits in the long term (Sarkis, 
2003). And whether to the components or processes outsourcing may be a concern for the 
purchasing department. The major factors influencing supplier selection are summarised as 
ISO 14000 certification, environmental audit for internal management of supplier, supplier 
cooperation for environmental objectives, and the environmental purchasing requirements 
(Zsidisin and Hendrick, 1998).  
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The relevant items on green purchasing practices included in the study are the following- 
cooperation with suppliers for environmental objectives, ISO 14000 certification for suppliers’ 
selection, and environmental requirements for purchased items.  
• Green distribution and reverse logistics  
Environmental practices such as green distribution and reverse logistics emergently had the 
important external and internal impacts on green SCM. The reverse logistics primarily focus 
on the return of reusable and recyclable materials and products into the forward supply chain 
from the environmental perspectives (Sarkis, 2003). Moreover, Pohlen and Farris (1992) 
identified the reverse logistics process in terms of 1) collection, 2) separation, 3) densification, 
4) transitional processing, 5) delivery, 6) and integration. Therefore, not only the processes and 
systems need to exist for the reverse logistics, but also does there should be a network for the 
collection process of reverse logistics in the channel of reverse logistics (Zsidisin and Hendrick, 
1998). The requirements can vary among the phase of reverse logistics depending on the type 
of product, industry, and organization.  
Additionally, operation networks of distribution are also significant characteristics of operation 
that can influence green SC. Just in time policies, control system, modes of transportation and 
distribution outlet locations can not only influence forward logistics network, but also impact 
on reverse logistics network (Madaan and Wadhwa, 2007). The operation of distribution is 
most closely tied to the customers’ requirements and characteristics. Therefore, involvement 
of customer in the design and development of distribution system seems to provide the efficient 
and effective distribution network. For instance, linking the location decisions to suppliers and 
customers can improve just in time systems (Bentz et al., 1999). Furthermore, the 
characteristics of packaging in terms of 1) materials, 2) shape, 3) and size can influence the 
distribution since their effect on the transport items characteristics (Bentz et al., 1999). Along 
with rearranged loading patterns, the better packaging can 1) reduce the amount of handling 
required, 2) increase utilization of space in the trailer and warehouse, 3) and reduce materials 
usage (Zhu, Sarkis and Geng, 2005). They assert that encouraging the returnable packaging 
requires an effective channel of reserve logistics and a strong relationship with customers and 
suppliers. Just in time special packaging should also be required to minimise the waste of 
packaging, and the efficiency in packaging directly affects the environment.  
Green distribution and reverse logistics are two emerging environmental practices that have 
both external and internal influence on green SCM. Chinese government has varied the policy 
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from focusing on resource subsidies to releasing taxes for the raw resources in terms of natural 
gas and coal with improving better system and process design and investment recovery. Lewis 
and Gretsakis (2001) conclude that when product environmental performance is largely 
determined and the process and materials are selected, most of the environmental impacts are 
locked at the phase of design no matter where in the product life cycle a process or product 
lines. 
Items related green distribution and reverse logistics practices have been identified as follows- 
recovering from excess inventories or materials, cooperation with customers for environmental 
transportation, and reusing used materials or scrap.  
• Government involvement  
The role of the government in green SC has been getting more important. Governments have 
become involved in green SCM initiatives as environmental regulations shift emphasis from 
pollution control to the life cycle of the products. A typical life cycle of product involves four 
stages: 1) an introduction phase of product which is characterised by the investment in research 
and development of product; 2) a growth phase of product which is characterised by the 
increasing logistics channels and production capacity; 3) a maturity phase of product in where 
the cost and process efficiencies are implemented typically; 4) and a decline phase of product 
which is focusing on the divestment of product (Aitken, Childerhouse and Towill, 2003). One 
factor of the government involvement could affect the SCM is the product life cycle positioning 
of products (Lee, 2008).  Government strategy includes a range of scope from financial and 
technical support to indirect encouragement and infrastructure development, such as 
undertaking the energy efficiency best practice campaign to provide free advice and technical 
support, bringing awareness of green SCM practices through manuals and guidebooks, 
developing the best practices of green supply chain, and other government driven initiatives 
(Holt, Anthony and Viney, 2001). Product life cycle phases could influence the green SC 
necessarily (Sarkis, 2003). For instance, the product is more impacted by the design, and the 
design for the environmental issues can play an important role in the introduction phase. 
Moreover, the efficient reverse logistics system and the process improvement can influence the 
organizational environment practice in the mature phase and decline phase of product. In 
addition, Sarkis (2003) suggests that the environmental management decisions become more 
complex for the multiproduct analysis. However, there would be some different life cycle of 
product development and strategies of environment which can be depend on the maturity of 
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product life cycle within the product portfolio. Government involvement is an important trigger 
for environmental innovations and assisting the companies to move towards greener enterprises.  
The items on government involvement practices that have been included for the study are the 
following- infrastructure for facilitating environmental practices of firms, providing 
environmental information and technical assistance to companies, and popularising knowledge 
of environmental management in enterprises.  
Based on the literature review, the following items on green SCM practices have been adapted 
and included for the study (as shown in Table 2.2), including: commitment from mid-level 
management, commitment from senior level management,  inter-departmental cooperation, 
improvement of manufacturing process, cooperation with supplier, environmental requirement, 
ISO 14000 certification, excess inventory and material, environment friendly transportation, 
used material and scrap, technology utilisation, infrastructure, assistance from government, and 
knowledge popularisation.   
 
1.5 Green SCM performance  
Performance is a measure for evaluating the degree of the objective attainment of organisations 
(Chien and Shih, 2007; Draft, 1995). Environmental performance indicators consist of 
management performance indicators and operative performance indicators. Management 
performance indicators concern the contribution of organisational administration to the overall 
environmental management, whereas operative performance indicators are mainly related to 
the evaluation of real environmental aspects of organisation, waste and emission production, 
energy management and consumption of materials (Papadopoulos and Giama, 2007). Green 
SCM practices encompasses diverse initiatives to minimise or reduce the adverse 
environmental impacts of operations of organisations. Environmental performance is defined 
as the environmental effects that organisational practices have on the natural milieu (Sharma 
and Vredenburg, 1998), including reduced energy consumption, reduced use of hazardous 
materials (Hervani, Helms and Sarkis, 2005), reduced air emission (Zhu, Sarkis and Lai, 2007), 
and reduced solid/ liquid waste (De Giovanni and Vinzi, 2012).   
Green SCM practices encompasses diverse initiatives to minimise or reduce the adverse 
environmental impacts of operations of organisations, which may also bring about some 
economic benefits for organisations. Many organisations look upon green SCM as involving 
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trade-offs between environmental and economic performance (Klassen and McLaughlin, 1996). 
The economic performance is influenced by environmental performance in variety of ways.  
The factors driving the competitive advantages through environmental performance are 
identified as 1) business efficiency, 2) regulatory compliance, 3) risk management, 4) and 
market expectations (CBI, 1994). Improved environmental performance could lead to 
increased market share and improved revenue (Rao and Holt, 2005). The reduced or minimised 
hazardous and non-hazardous waste results in reduced operating costs, higher productivity and 
improved efficiency (Zhu, Sarkis and Lai, 2007). Extant studies have found a number of 
economic benefits as a result of integration of environmental issues, including improvements 
in public relations, increases in market share, cost saving and improvements in organisational 
efficiency, product quality improvement, and increase in profit margin (Zhu, Sarkis and Geng, 
2005). While economic performance and competitiveness have been well researched in the 
dimensions of organisational financial status and operational performance, measures like 
organisational growth, market share, efficiency, product quality, and productivity receive less 
attention.  
This study measures green SCM performance using two metrics, i.e., environmental 
performance and economic performance. Items on green SCM practices have been adapted 
from literature and listed in  Table 2.3, including, reduction of solid/ liquid waste, reduction of 
air emission, reduction of consumption of hazardous materials, reduction of consumption of 
energy, increase of profit margin, improvement of corporate image, increase of  investment, 
increase of  market share, increase of sales, increase of  efficiency, improvement of productivity, 
improvement of product quality, reduction of cost for material procurement, reduction of fees 
for waste treatment or discharge.  
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Chapter 2 Research Framework and Hypotheses  
Green SCM is designed to incorporate environmental considerations into strategic decision 
making at each stage of materials management and logistics functions to enhance operational 
efficiency, waste reduction, or to purchase environmental superior products (Zhu and Cote, 
2004; Handfield, Sroufe and Walton, 2005; Simpson and Power, 2005). Definitions on green 
SCM vary under different frameworks or context. In institutional theory, green SCM has been 
defined as the environmental management relationship between organisational actions and 
normative, coercive and mimetic pressures/ drivers (Kilbourne, Beckmann and Thelen, 2002; 
Aerts, Cormier and Magnan, 2006; Ball and Craig, 2010). Coercive pressure refers to the 
influence imposed by those in power such as government agencies and the regulatory regime 
(Scott, 2001); normative driver usually drives organisations to implement the environmental 
activities (Zhu and Geng, 2013); mimetic pressure occurs when organisations mimic the 
practices of successful competitors when responding to the natural environmental issues (Bergh, 
2002). 
The strategic decision framework for green SCM describes some important elements of green 
SCM including influences and relationships of the environmentally conscious business 
practices and organisational performance measurements (Sarkis, 2003). The researcher focuses 
on four types of green SCM practices, i.e., internal environmental management, green 
procurement, green distribution and reverse logistics, and government involvement for the 
following reasons: 1) these practices have received greater attention in manufacturing 
companies in China (Zhu, Sarkis and Geng, 2005; Zhu, Sarkis and Lai, 2007); 2) these practices 
represent the key activities in a SC, including procurement and distribution; 3) these practices 
symbolise the green management systems in an organisation, such as environmental 
management system; and 4) these practices indicate the level of government involvement 
which is key to the success of any environmental activity. These institutional pressures/drivers, 
environmentally influential organisational practices and organisational performance 
measurements serve as the foundation for a framework for selecting systems by the 
organisation that will aid in green SCM.  
The research framework, shown in Figure 2.1 is developed to examine the relationships 
between green SCM drivers, practices and performance, i.e, how various factors (regulation, 
market and internal factors) motivate green SCM practices, and how green SCM practices 
(internal environmental management, green procurement, green distribution and reverse 
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logistics, and government involvement) influence green SCM performance (environmental and 
economic). It examines if and how green SCM drivers/ pressures influence green SCM practice 
adoption/ implementation, and if these implications are translated into performance 
improvement. Green SCM pressures/drivers items were based on existing literature that 
addressed various of elements of green SCM (e.g.  see Henriques and Sadorisky, 1999; Chan 
and Lau, 2001; Christmann and Taylor, 2001; Zhu and Geng, 2001; Zhu, Sarkis and Geng, 
2005) and input from expert opinion (see Questionnaire design and development). Practices 
dimensions were developed based on previous literature (e.g. see Carter, Ellram and Kathryn, 
1998; Zsidisin and Hendrick, 1998; Carter, Kale and Grimn, 2000; Holt, Anthony and Viney, 
2001; Zhu and Sarkis, 2004; Zhu, Sarkis and Geng, 2005) and input after consultation with 
practical expert (see Questionnaire design and development). Performance items were based 
on a review of literature (e.g. see Zhu and Sarkis, 2004; Hervani, Helms and Sarkis, 2005; Rao 
and Holt, 2005; Zhu, Sarkis and Lai, 2007; Tsai and Hung, 2009; De Giovanni and Vinzi, 2012). 
Based on the institutional theory, strategic decision framework for green SCM and other 
existing literature, the researcher structures the research framework, to illustrate that green 
SCM drivers/ pressures are key determinants of green SCM practice adoption/ implementation, 
which help organisations meet environmental requirements. The outcomes from implementing 
green SCM practices is improvement in both economic and environmental performance. 
Previous literature has seen mixed results on the relationships between green SCM drivers/ 
pressures, practices adoption and performance. Several studies have examined these 
relationships and achieved mixed results which vary with individual study and the industry 
sector examined.  Some are conclusive with directly positive relationships (Del and Jaunqura, 
2003; Zhu and Sarkis, 2006; Christmann and Taylor, 2001), while some are inconclusive or 
negative (Wagner, Schalteger and Wehrmeyer, 2001; Bowen, et al., 2001). Most of these 
researches was conducted from empirical, conceptual and analytical perspectives. There are no 
exact conclusions on the relationships among green SCM drivers/pressures, practices and 
performance, so the researcher sets up research framework and posits hypotheses in this study 
based on the exiting literature. 	
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Figure 2.1 Research Framework 
 
2.1 Green SCM drivers/ pressures for practices adoption 
The increasing pressure for the sustainability of environment imposes an expectation on 
organisation, requiring them to implement a sustainability strategy to reduce or offset the 
environmental impacts of their services or product (Lewis and Gretaskis, 2001). Pressures 
generally arise from regulative bodies, market and competitors, which are incurred all over the 
world. Institutional theory posits the environmental management activities are motivated by 
three drivers, including normative, coercive and mimetic (DiMaggio and Powell, 1983).  The 
three types drivers can be further defined as, drivers from government agency or regulatory 
bodies (coercive), environmental concerns (normative), and pressures from competitors 
(mimetic). In China, the issues associated with green SCM have become more critical (Zhu, 
Sarkis and Geng, 2005). Although the country is developing its economy speedily, China 
however faces substantial environmental burdens (Rao, 2002). China has increasingly become 
industrialised and has been used as the point of end of life product disposal for the developed 
country and multi-national organisation. Due to the increasing environmental burden on 
developed countries, the end of life products is shipped to developing countries such as China 
where there is no tool or infrastructure available to deal with the disposed products (Puckett 
and Smith, 2002). The initial objective in this research seeks to determine whether companies 
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in Chinese construction industry are feeling these pressures/drivers for green SCM practices 
adoption. The hypothesis that is evaluated with empirical data is as follows: 
Hypothesis 1a: Companies in Chinese construction industry are facing significant pressures 
to adopt green SCM pressures that arise from a variety of sources. 
However, organisations are not exposed to the same extent or to the same type of pressures for 
implementation of green SCM practices (Zhu and Sarkis, 2006). Size is the natural logarithmic 
transformation of the number of full-time employees (Dean and Snell, 1991). Large and 
medium sized companies seem to encounter greater pressures on environmental protection than 
small ones who are generally reactive to the national ecological strategy (Revell, 2007; Zhu, et 
al., 2011). Small and medium sized companies are generally reactive to the national ecological 
strategy, but large sized enterprises with stronger environmental commitment are better 
motivate proactive environmental management (Roy and Therin, 2008). In addition, some 
industry sectors are more domestic focused whereas other industry sector is more global 
orientation and thus will have different pressures for adopting green SCM practices. For 
example, construction sector is mainly domestically oriented whereas building material sector 
is more globally focused and thus will have differing domestic and international motivations 
and pressures for incorporating green SCM practices. With the international pressures for 
reducing greenhouse gas emissions, there may be differing and increased pressures on building 
material sector that is traditional heavy emitters of greenhouse gases. Thus, two hypotheses are 
posited as follows: 
Hypothesis 1b: The level of green SCM pressures/drivers is different in small, medium and 
large sized companies in Chinese construction industry.  
Hypothesis 1c: The level of green SCM pressures/drivers is different in Chinese construction 
sector companies and building material sector companies.  
Chinese companies have experienced increasing environmental pressures from the government 
and customers while recognising both environmental and economic benefits to green their SCs 
(Zhu and Sarkis, 2006; Zhu, Sarkis and Geng, 2005). As such companies in China begin to 
proactively implement green SCM strategies to reduce negative impacts on environments. Zhu 
and Sarkis (2006) support Chinese companies acquire ISO 14000 certification to meet the 
expectations from the foreign clients. Success in addressing environmental issues can not only 
provide new ways to add value to the business, but also provide new opportunities for 
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competition (Hansmann and Claudia, 2001). As such in this research pressures from 
regulations and market are considered as important drivers to the green SCM practices. Apart 
from pressures, one of the major drivers on implementing green SCM practices is financial 
incentive. Christmann and Taylor (2001) claim that sales and export to foreign customers are 
the major drivers for environmental activities of organisations.  
The pressures from corporate internal factors can also be considered as one of the drivers on 
environmental management practices. Approaches like environmental management system and 
cleaner production have been implemented as green SCM practices reactively to be compliant 
with regulatory requirements (Zhu, Sarkis and Lai, 2007). Environmental management system 
has been identified as an important source of competitive advantages that include the quality 
advantage (Narasimhan and Schoenherr, 2012), business efficiency, regulatory compliance 
(Walker, 2008), cost reduction and differentiation (Maria, Lopez-Gamero and Molina-Azorin, 
2009) through optimizing environmental performance. Zhu and Liu (2010) find Chinese 
companies learned good environmental practices from leading competitors in developed 
countries, and implement them proactively in China. Zhu and Geng (2001, 2013) support that 
corporate internal factors motivate organisations to imitate the activities of their successful 
competitors, such a creating their environmental images, addressing environmental policies 
and missions, and taking liability for safe disposal hazardous materials. In summary, pressures 
from regulation, market and corporate internal factors motivate organisations to implement and 
promote their environmental practices (Zhu, et al., 2010). Institutional theory posits the 
environmental management activities are motivated by normative, coercive and mimetic 
pressures that come from regulations, market and internal factors of organisations (Kilbourne, 
Beckmann and Thelen, 2002; Aerts, Cormier and Magnan, 2006; Ball and Craig, 2010). 
Organisations have improved environmental control to cope with the pressures and drivers on 
green SCM. Thus, hypotheses are posited as follows:  
Hypothesis 1d: Companies with higher levels of green SCM pressures/drivers are associated 
with higher levels of levels of internal environmental management practices in Chinese 
construction industry.  
Hypothesis 1e: Companies with higher levels of green SCM pressures/drivers are associated 
with higher levels of levels of green procurement practices in Chinese construction industry. 
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Hypothesis 1f: Companies with higher levels of green SCM pressures/drivers are associated 
with higher levels of levels of green distribution and reverse logistics practices in Chinese 
construction industry. 
Hypothesis 1g: Companies with higher levels of green SCM pressures/drivers are associated 
with higher levels of levels of government involvement practices in Chinese construction 
industry. 
 
2.2 Relationships between green SCM practices and performance  
Performance is a measure for evaluating the degree of the objective attainment of organisations 
(Chien and Shih, 2007; Draft, 1995). Green SCM practices encompasses diverse initiatives to 
minimise or reduce the adverse environmental impacts of operations of organisations. Internal 
environmental management is key to improve the environmental performance, which consists 
of a set of activities to achieve environmental targets of organisation, as either imposed by 
legislation or defined by managers (Rao, 2002). Green procurement focuses on as to whether 
the purchased materials are reusable or recyclable, or have been recycled already (Sarkis, 2003). 
It allows organisations to offset environmental and financial risks, rather than inheriting it from 
suppliers (Zsindisin and Siferd, 2001; Carter, Kale and Grimm, 2000). Green distribution and 
reverse logistics have important impacts on green SCM (Zhu, Sarkis and Geng, 2005). The 
operation of green distribution is most closely tied to the customers’ requirements and 
characteristics. European and United States companies have considered reverse logistics as an 
important aspect for green SCM (Zsidisin and Hendrick, 1998). Government involvement in 
green SC has shifted emphasis from pollution control to the product life cycle (Lee, 2008). 
Activities of government involvement range from direct financial and technical support to 
indirect infrastructure development and encouragement with tax-cut incentives for 
environmental complexes (Holt, et al., 2001). Using the literature, the researcher has identified 
green SCM practices into four major groupings. This portion of the research tries to determine 
the progress of the samples of companies in Chinese construction industry for implementation 
of green SCM practices. Thus, hypothesis is made as follows: 
Hypothesis 2a: Companies in Chinese construction industry are actively adopting and 
implementing green SCM practices. 
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Yet, issues facing different sized companies or different industrial sectors may cause green 
SCM practices to be different in terms of levels of implementation or adoption. Size is the 
natural logarithmic transformation of the number of full-time employees (Dean and Snell, 
1991). Because of extra available resources, large organisations are more likely than smaller 
ones to have well-developed green SCM practices (Rao, 2002). Large and medium sized 
companies seem to encounter greater pressures on environmental protection than small ones 
(Zhu, et al., 2011). Due to different pressures and drivers, companies in different sizes and 
different industry sectors could make different efforts on green SCM implementations. Small 
and medium sized companies are generally reactive to the national ecological strategy, but 
large sized enterprises with stronger environmental commitment are better motivate proactive 
environmental management (Roy and Therin, 2008). Building material manufacturers as the 
traditional heavy polluters have struggled to introduce various environment practices. The 
small plants have shut down in the past decade due to poor environmental images. Companies 
in different industry sectors have different resources used and different environmental effects 
by emissions (McMichael, et al., 1998). Given these arguments, the researcher posits 
hypotheses as follows:  
Hypothesis 2b: The level of green SCM implementation is different in small, medium and 
large sized companies in Chinese construction industry.  
Hypothesis 2c: The level of green SCM implementation is different in Chinese construction 
sector companies and building material sector companies.  
Many literatures have investigated the relationships between green SCM practices and 
performance such as economic performance and environmental performance. However, 
whether green SCM practices relate to or cause the negative or positive economic performance 
was still not unclear (Wagner, Schaltegger and Wehrmeyer, 2001). The economic performance 
is not being reaped in short term performance of sales and profitability (Bowen et al, 2001). 
Adopting green SCM practices provided informal and formal mechanisms that reduce risk, 
promote trust, and in turn increase profitability and innovation (Dodgson, 2000). While 
Alvaredz, Jimenez and Lorente (2001) argued that the green SCM practice had the positive 
relationship with the economic performance.  
Some studies verified the positive relationship between environmental practices and 
environmental performance. For example, Zhu, Sarkis and Geng (2005) stated that the 
partnership agreements, interaction of suppliers and customers, and the joint development and 
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research led to the improvement in environmental performance. Geffen and Rothenberg (2000) 
found that the relations aided the development and adoption of innovative environmental 
technology. Results in Zhu and Cote (2004) showed that implementation of green SCM led to 
the improvement in environmental performance. Hanna, Newman and Johnson (2000) found a 
strong relationship between the involvement of environmental management and meeting 
environmental goals. To help organisation achieve the environmental targets, a system of 
environmental management was confirmed as an information management tool and innovative 
policy of environment (Szwilski, 2000). Thus, the researcher presents the hypothesis as follows:  
Hypothesis 2d: Companies in Chinese construction industry with higher levels of adoption 
of green SCM practices are associated with better environmental performance improvements. 
Hypothesis 2e: Companies in Chinese construction industry with higher levels of adoption 
of green SCM practices are associated with better economic performance improvements. 
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Chapter 3 Methodology  
3.1 Research design and methods 
Research on green SCM in Chinese construction industry has been traditionally conducted 
using empirical data collection and causal observations. Green SCM research generally falls 
into quantitative (Zhu, et al., 2010; Lee, 2008; Vochon and Klassen, 2006; Rao and Holt, 2005) 
and qualitative (Zhu and Liu, 2010; Geng, Haight and Zhu, 2007; Zhu and Cote, 2004) 
methodological groups.  
Quantitative research is defined as social research that adopts empirical methods and 
statements, which describes and explains phenomena by collecting numerical data that are 
analysed using mathematically based methods (Cohen and Manion, 1980; Creswell, 1994). It 
is used to quantify behaviours, opinions, attitudes and other defined variables and generalise 
results from larger sample sizes. Quantitative data collection methods include various forms of 
surveys, including the paper survey, kiosk survey, mobile survey, online survey, online poll, 
website interceptor, longitudinal study, telephone interview, face-to-face interview and 
systematic observation, whose aim is to produce generalizable results and test pre-determined 
hypotheses.  Wyse (2011) states that quantitative data collection methods are more structured 
than qualitative data collection methods. It is easier to compile the data onto graph or chart 
because of the numbers that are made available, and it also can be conducted on a large scale 
as far as value and statistics, however, quantitative research is that numbers change often (Word 
Press, 2011). Quantitative data is rigorously collected, using appropriate methods and critically 
analysed in its reliability, but it fails to provide the description of experiences in depth.   
In contrast, qualitative research is primarily exploratory study which is used to gain an 
understanding of a phenomenon or situation or event (Cooper and Schidler, 2008). Questions 
are often asked during the research process to gain insights into the problem or help developing 
hypotheses (Wyse, 2011). It is defined as a method of inquiry adopted different academic 
disciplines, which seeks to gather in-depth understanding of human behaviour and reasons that 
govern such behaviours (Denzin and Lincoln, 2005). Qualitative research provides added value 
in identifying and exploring the perception and relationship held by affected organisations and 
persons. It helps to develop hypotheses or idea and provides insights into problems for 
quantitative research. Qualitative data collection methods include the individual interview, 
focus group and observation/ participation. It typically uses small sample size, and its 
respondents are selected to fulfil a given quota (Wyse, 2011).  
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This research adopts both inductive and deductive approaches. Inductive approach begins with 
detailed observations, and theories which are formulated towards as more abstract results of 
observations at the end of the research (Goddard and Melville, 2004). In the inductive approach, 
researchers begin by collecting data that is related to their interest topics and search for pattern 
from theories and observation for those patterns through series of hypotheses (Blackstone, 2015; 
Bernard, 2011). In inductive approach, there is no theory at the beginning point of the research, 
and theories could evolve as the results of research. As Blackstone (2015) suggested, 
researchers move from the specific to the general, or from data to theory. Patterns in experience 
are observed to generate theory. In contrast, deductive approach is concerned with deducting 
conclusions that are derived from propositions or premises of the theory. In the deductive 
approach to research, researchers concern with developing hypotheses based on existing 
theories that they find compelling and then design a research strategy to test their implications 
with data (Wilson, 2010; Blackstone, 2015). Researchers move from the more general level to 
the more specific level.  
Inductive and deductive approaches can be rather complementary while these approaches to 
research seem quite different (Blackstone, 2015). The adoption of deductive approach is 
generally related to quantitative methods of data collection and analysis, whereas inductive 
approach is associated with qualitative methods. A quantitative survey was conducted to find 
out factors affecting (motivating or preventing) Chinese construction company in 
implementing green SCM practices. In addition, strategies and procedures applied in 
implementing green SCM practices are also investigated in the survey. To obtain enhanced 
understandings on the causal relationship among the factors identified in the survey, a detailed 
analysis on two Chinese company is carried through qualitative case studies, evaluating their 
incentives and barriers during green SCM implementations. To explore and identify gaps and 
best practices in green SCM in Chinese construction industry, a benchmarking exercise is 
conducted to compare the two Chinese case companies with two British case companies. The 
quantitative survey data were analysed to test hypotheses that were generated based on green 
SCM theories. Qualitative case studies were used to deeper insights into the causal relationship 
tested in the survey. The two approaches allow researchers to collect empirical data on the 
practices on green SCM as well as the specific items of green SCM performance from the 
targeted organisations.  
Questionnaire and case study have been widely used to investigate green SCM (Zhu, et al., 
2010; Lee, 2008; Vochon and Klassen, 2006; Zhu, Sarkis and Lai, 2007; Rao and Holt, 2005). 
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Benchmarking process is used to find the best SCM practices (Banet, et al., 2003; Andersen, 
et al., 1999). Specifically, the questionnaire is chosen as the research method for the following 
reasons. Firstly, questionnaire is an efficient method for data collection, as the target 
respondents are located in different regions in China. Secondly, questionnaire makes it easier 
to measure the variables in research (Easterby-Smith, Golden-Biddle and Locke, 2008). 
Thirdly, since most of the target respondents work in large sized enterprises, questionnaire is 
preferred to minimize the negative influence on their colleagues and working place. Lastly, 
questionnaire is a good way to protect respondents’ privacies if it is completed anonymously.  
Furthermore, Finelli (2011) emphasizes that the multiple case study design could increase the 
validity and reliability of study in research. When combined with multiple case designs, 
validity is improved although single survey is strong on reliability but weak on validity 
generally. Finally, the main advantage of benchmarking is that it identifies best practices in 
key business processes then quantifies the gap between the actual state and expected 
performance (Richter, 2010). Benchmarking provides organisations in construction industry 
with both a definition of what green SCM practices improvement and the reason to improve. 
Since literature review and site observations provide rich data to the research, the adoption of 
these methods enhances the validity of the research.  
Research Methodology 
Quantitative Research: Objective 1)-3) 
 
Questionnaire Survey: 
 
• Efficient data collection 
• Measuring variables easily 
• Minimising negative influence in large 
sized enterprises 
• Protecting respondents’ privacies 
 
Qualitative Research 
 
Case Study: Objective 4) 
• Increasing validity and reliability  
 
Benchmarking: Objective 5) 
• Quantifying gaps between actual state and 
expected performance 
 
Figure 3.1 Research Methodology  
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3.2 Questionnaire design and development  
Data were collected primarily through questionnaire survey that will be used to test hypotheses 
(Objective 1-3). The original questionnaire was written in English, and was translated into 
Chinese when it was distributed to respondents in China (See Appendix 2). The empirical 
analysis used in this research contains responses from middle or senior managers in Chinese 
construction sector, covering both construction companies and building materials companies 
in China. The purpose of the questionnaire is briefed with targeted respondents.  
The questionnaire consists of four sections including a) basic information of participants, b) 
pressures and drivers affecting green SCM implementation, c) green SCM practices adopted, 
and d) green SCM performance achieved (see Appendix 1). Section a) includes questions 
regarding companies’ legal and economic status, sizes, environmental management status, and 
industry sectors. Likert Scale measurement was adopted in the research which is a universal 
method of collecting data and scaling responses using quantitative data (LaMarca, 2011).  
Green SCM drivers/ pressures: based on interviews with industrial experts and a review of 
literature, ten items scale were developed to measure green SCM pressures/ drivers (as shown 
in Table 3.1). Items in terms of environmental regulations (Henriques and Sadorisky, 1999), 
national regulations, environmental policy, green image, liability for disposal hazardous 
materials (Zhu and Geng, 2001), foreign regulations (Zhu, Sarkis and Geng, 2005), Domestic 
customers’ expectations (Chan and Lau, 2001), and foreign customers’ expectations 
(Christmann and Taylor, 2001) were used as the questionnaire items in the survey. By 
consulting people from Economic Development Area Bureau of Linyi and several managers of 
companies in constriction industry, question items such as potential conflicts with national laws 
and potential conflicts with foreign laws were added by the researcher, as products may fail to 
conform to either national or foreign environmental laws. Questions were answered using a 
five-point Likert-type scale, e.g. 1 Strongly Disagree, 2 Disagree, 3 Neither Agree Nor 
Disagree, 4 Agree, 5 Strongly Agree.  
Green SCM practices: based on interviews with industrial experts and a review of literature, 
sixteen items scale were developed to describe green SCM practices (as shown in Table 3.2). 
Items on commitment from mid-level management (Carter, Ellram and Kathryn, 1998), 
commitment from senior level management (Carter, Kale and Grimn, 2000), inter-
departmental cooperation, improvement of manufacturing process ( Zhu and Sarkis, 2004), 
cooperation with supplier, environmental requirement, ISO 14000 certification, excess 
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inventory and material (Zsidisn and Hendirck, 1998), Environment friendly transportation, 
used material and scrap (Zhu, Sarkis and Geng, 2005), infrastructure, assistance from 
government, and knowledge popularisation (Holt, Anthony and Viney, 2001) were used as the 
questionnaire items in the survey. By consulting Housing Construction Bureau and Economic 
Development Area Bureau of Linyi, as well as several managers of companies in constriction 
industry, question items such as environmental compliance and auditing system, technology 
utilisation and government coordination were added by the researcher. Interviewees advised 
that companies need to be compliant with environmental regulations and have a system in place 
to audit the compliance. The other information they have shared is that companies adopted 
cleaner technology process to reduce resource and wastes; and coordinated with government 
for waste treatment and discharge.  Questions were answered using the five-point Likert-type 
scale, e.g. 1 Not Consider, 2 Plans to consider, 3 Current Consider, 4 Initiate Implementing, 5 
Successful Implementation. In addition, respondents were asked to share information on the 
length of period for which green SCM practices has been implemented.  
Green SCM performance: based on the interviews with industrial experts and a review of 
literature, fourteen items scale were developed to examine the degree of green SCM 
performance (as shown in Table 3.3), including reduction of air emission (Zhu, Sarkis and 
Geng, 2005), reduction of consumption of hazardous materials, reduction of consumption of 
energy (Hervani, Helms and Sarkis, 2005), reduction of solid/liquid waste (De Giovanni and 
Vinzi, 2012), reduction of cost for material procurement (Zhu and Sarkis, 2004), increase of 
profit margin, improvement of corporate image, increase of market share, increase of sales 
(Rao and Holt, 2005), increase of investment, increase of efficiency (Zhu, Sarkis and Lai, 2007) 
and reduction of fee of waste treatment or discharge (Tsai and Hung, 2009).  A five-point scale, 
e.g.1 Not at all, 2 A little bit, 3 To some degree, 4 Relatively Important, and 5 Important, was 
introduced to answer the questions. To facilitate respondents understanding the different five-
point scales adopted, an explanation on the four sections and questions contained in each 
section were provided at the beginning of the survey (See Appendix 1 the questionnaire in 
English).  
Table 3.1 Categories of drivers/pressures of green supply chain management  
Regulation   
Environmental regulations  Henriques and Sadorisky (1999) 
National regulations  Zhu and Geng (2001) 
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Foreign regulations  Zhu, Sarkis and Geng (2005) 
Potential conflicts with national laws  Added by the researcher   
Potential conflicts with foreign laws  Added by the researcher  
  
Market   
Domestic customers’ expectations  Chan and Lau (2001) 
Foreign customers’ expectations  Christmann and Taylor (2001) 
  
Internal factors   
Green image  Zhu and Geng (2001) 
Environmental policy  Zhu and Geng (2001) 
Liability for disposal hazardous materials  Zhu and Geng (2001) 
		
 
Table 3.2 Categories of green supply chain management practices  
Internal environmental management   
Commitment from mid-level management Carter, Ellram and Kathryn (1998) 
Commitment from senior level management  Carter, Kale and Grimn (2000) 
Inter-departmental cooperation  Zhu and Sarkis (2004) 
Improvement of manufacturing process Zhu and Sarkis (2004) 
Environmental compliance and auditing system  Added by the researcher  
  
Green procurement   
Cooperation with supplier  Zsidisin and Hendrick (1998) 
Environmental requirement  Zsidisin and Hendrick (1998) 
ISO 14000 Certification  Zsidisin and Hendrick (1998) 
  
Green distribution and reverse logistics   
Excess inventory and material Zsidisin and Hendrick (1998) 
Environment friendly transportation Zhu, Sarkis and Geng (2005) 
Used material and scrap  Zhu, Sarkis and Geng (2005) 
Technology utilisation  Added by the researcher  
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Government involvement   
Infrastructure  Holt, Anthony and Viney (2001) 
Assistance from government  Holt, Anthony and Viney (2001) 
Knowledge popularization  Holt, Anthony and Viney (2001) 
Government coordination Added by the researcher  
 
Table 3.3 Categories of green supply chain management performance  
Environmental performance   
Reduction of air emission  Zhu, Sarkis and Geng(2005)  
Reduction of consumption of hazardous materials  Hervani, Helms and Sarkis (2005) 
Reduction of consumption of energy  Hervani, Helms and Sarkis (2005) 
Reduction of solid/liquid waste De Giovanni and Vinzi (2012)  
  
Economic performance   
Reduction of cost for material procurement  Zhu and Sarkis (2004) 
Increase of profit margin  Rao and Holt (2005) 
Improvement of corporate image  Rao and Holt (2005) 
Increase of market share  Rao and Holt (2005) 
Increase of sales  Rao and Holt (2005) 
Increase of investment  Zhu, Sarkis and Lai (2007) 
Increase of efficiency  Zhu, Sarkis and Lai (2007) 
Improvement of productivity  Zhu, Sarkis and Lai (2007) 
Improvement of product quality  Zhu, Sarkis and Lai (2007) 
Reduction of fee of waste treatment or discharge Tsai and Hung (2009) 
	
 
3.2.1 Sampling Design  
Randomly designed nationally focused on Email surveys were not used due to the lack of 
reliable sources of databases for Chinese construction industry. A comprehensive sampling 
frame of Chinese construction supply chain enterprise does not exist, identifying participation 
in research is a typical problem. Thus, a convenience sampling was used to elicit a sample of 
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173 enterprises in Chinese construction industry. The data were collected through a self-
administered questionnaire survey.  This research relies on the convenience sample extracted 
from the register list of Housing Construction Bureau and Economic Development Area 
Bureau of Linyi, as sampling approached adopted by Zhu, Sarkis and Lai (2007) in surveying 
Chinese automobile industry. Although convenience sampling threatens reliability and 
generalizability of the survey, using multiple methods can diminish the impact and provide a 
feasible and appropriate solution.  
The decision to seek for the assistance of Housing Construction Bureau and Economic 
Development Area Bureau is made for the following reasons: 1) All the certificated 
construction firms must register in Housing Construction Bureau, and many building material 
companies or their controlled corporations are located in the Economic Development Area of 
Linyi. 2) The Housing Construction Bureau and Economic Development Area Bureau not only 
supervise these construction supply chain enterprises but also present the business interests at 
the local, provincial and national level. 3) The researcher believes these Bureaus are more 
willing to participate in this research because they are more interested and committed to 
research and development in the construction sector. 4) Bureaus have great knowledge of 
Chinese construction sector and can assist the researcher to identify suitable companies in the 
sector to participate the research. 5) If supported by the Bureaus, the construction companies 
are more willing to participate in this research.  
 
3.2.2 Questionnaire pre-test  
To ensure the Chinese version to be accurate and precise, and convey the correct meaning of 
the original questionnaire items, the researcher sent the Chinese version to three senior 
managers for proof reading and scrutiny test, including Jinliang Li- the director of Housing 
Construction Bureau LanShan Linyi, Sihua Wang- Mayor of Yitang Lanshan Linyi and 
Jianxiao Yu- Vice President of Mengshan Corporation to test and refine the questionnaire. A 
few corrections were made to the wording in the questionnaire.   The revised questionnaires 
were then sent to 8 participants for pilot study, including Qingsong Hu- Vice President of 
Tianyuan Corporation, Xiaolin Bai CTO (Chief Technical Officer) of Tianyuan Corporation, 
Xiaoting Yue- President of EIFS (external thermal insulation of exterior wall) of Jinsheng 
Corporation, Xiliang Zou-Vice President of EIFS of Jinsheng Corporation, Jianxiao Yu- Vice 
President of Mengshan Corporation, Zhaoli Jiang- President of Jinxiang Corporation. Based 
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on their comments and feedback, the questionnaire is improved in terms of language and 
terminology such as the differences between sino-foreign joint venture and joint venture in 
Chinese.  
 
3.2.3 Questionnaire distributions   
There are four stages in questionnaire distribution. Firstly, the researcher contacted Housing 
Construction Bureau and Economic Development Area Bureau in Linyi to obtain their 
permissions and support to the research. The researcher explained to the directors of the 
Bureaus the research objective and contributions, and obtained their permissions to liaise with 
Jinliang Li, the director of Housing Construction Bureau and Mr. Sihua Wang, the director of 
Economic Development Area Bureau about this research. Secondly, the hard copies were 
distributed to three senior and middle level managers for proof reading and scrutiny test. 
Thirdly, to narrow research targets and avoid bias, the questionnaires were distributed to 
construction companies who are traditional polluters and to building material companies who 
becoming suppliers of construction companies. The target companies are from the list of 
Housing Construction Bureau and Economic Development Area Bureau. Finally, the middle 
or higher-level managers in the corporates are invited to complete the questionnaires. 98 
construction companies and 75 building material firms participated in the questionnaire survey 
excluding 8 enterprises that participated in the previous pilot study. Interviews and site visits 
confirmed participants had a clear understanding and definition of the different scales used for 
item groupings.   
  
3.3 Case studies 
A case study can generate a holistic picture of green SCM implementation. Multiple cases can 
increase external validity and help guard against observer bias. To gain in depth insight into 
the causal relationship among factors obtained from the empirical studies (Objective 4), two 
case studies were conducted. Case one was with a Chinese building material manufacturer, 
Shandong Jinxiang Aluminium Corporation (SJAC), and the other one was with a Chinese real 
estate developer, Shandong Jinsheng Corporation (SJSC). To explore and identify best 
practices and gaps of green SCM practices in construction industry, two further case studies 
were constructed on two British sustainable buildings (one of them won the award as the most 
sustainable building in the UK).  
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Drawing information from the secondary resources, such as building energy reports, 
sustainability reports, project design rationale and brief. The case studies identified the 
practices implemented to achieve the sustainability and associated factors influencing the 
adoption of the practices. With the survey samples, the researcher selected cases based on the 
following criteria:  
• The main business of the company is in construction sector, i.e., either a manufacturer for 
construction materials, or a construction company.  
• The companies adopted and implemented some level of green SCM practices.  
• The green SCM implementation altered organisational performance, including both 
environmental and economic performance, in some obvious way.  
The two Chinese cases were conducted with the triangulation from literature review, interviews, 
and direct observations. Green SCM drivers / pressures, practices and performance identified 
from literature review are applied and compared with findings from empirical studies. The 
interviews were conducted with three interviewees who are the top or middle level management 
in companies. The interview questions were conducted using the green SCM drivers/pressures, 
practices and performance defined in Chapter 3, including regulation, market, internal factors, 
internal management, green procurement, green distribution and reverse logistics, government 
involvement, environmental performance and economic performance. The information 
collected from interviews is seen by participants as true reflection of the drivers/pressures 
experienced, practices implemented and performance achieved by businesses.  
Observations were made following the interviews. Controlled observations involving event 
samplings were carried out in the research because they are quick to conduct and the data 
obtained is easier and quicker to analyse. Behaviour of green SCM was classified into four 
distinct categories including internal management, green purchasing, green distribution and 
reverse logistics, and government involvement. These practices encompass process design, 
packaging, storage, transportation and distribution of raw material and finished products, and 
recovery and disposal of products and packaging discarded after use. Coding involves numbers 
of shape coefficient of building, area ratio of window to wall, overall heat transfer coefficient 
of building envelops, shading coefficient of window, heat loss index of building, efficiency of 
boiler to describe environmental performance in the construction company. Coding also 
involves numbers of consumption of materials and energy, air emission, and solid and water 
waste to evaluate environmental performance in the building material manufacturing company.  
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The case studies rely on multiple sources of evidence and data collection techniques (Iacono, 
Brown and Holtham, 2009). To avoid bias from the influence of the researcher’s own beliefs 
and the researcher over participants’ behaviours, the documents and archival records related to 
companies’ green SCM were also integrated with the main findings from interviews and 
observations.  
 
3.4 Benchmarking exercise   
To identify gaps and best practices in Chinese and British construction industry and deliver 
grounded recommendations for future practice (Objective 5), the benchmarking exercise was 
adopted in this study. The phases of benchmarking process, including planning, analysis and 
integration were considered in this investigation since ‘there is no single benchmarking process 
that has been universally adopted’ (Xie and Breen, 2014, p.463).  
Phase 1-planning process: the process to be benchmarked is the Chinese green SCM in 
construction industry. The key competencies were defined by factor analysis in Chapter 4 and 
case studies in Chapter 5, including internal environmental management, green procurement, 
green distribution and reverse logistics, and government involvement (Table 6.6).  A 
comparison under the green SCM framework revealed that similarities exist between Chinese 
and British construction green SCM (Table 6.7). The green SCM in British construction sector 
acted as grounds on which it was chosen as the benchmarking partner.  
Phase 2-analysis phase: the main purpose of this phase is to explore and identify gaps existing 
in the green SCM between Chinese construction sector and the British construction sector, the 
causes of gaps in the initiators (Chinese construction SC) and the enablers of best practices in 
the benchmarking partners (British construction SC). Under the construction green SCM 
framework (see Table 6.6), the Chinese construction green SCM practices were compared with 
the British construction green SCM activities (see Table 6.8) to identify gaps under each key 
competency.  
Phase 3-integration phase: the best practices of green SCM are identified from British 
companies and authorities according to gaps, causes and enablers obtained in the analysis phase. 
The Chinese green construction SCM was benchmarked against the identified good practices 
of British green construction SCM, triangulated by the findings.  
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Chapter 4 Data Collection and Analysis  
4.1 Data collection and sampling characteristics  
The participants in this research are middle and senior managers in Chinese construction supply 
chain companies. Bowen, et al. (2001) found positive relationships exist between middle level 
managers’ perceptions of corporate environmental proactivity and green SCM. Carter, Ellram 
and Kathryn (1998) also state that the managers at middle management level can facilitate 
incremental adoption of environmental practice. Hamel and Prahalad (1989) believe the 
mangers at senior level are the key drivers for successful implementation and adoption of most 
activities, programs, technologies, and innovations. Johansson (2006) sates the top 
management support is important to obtain necessary resources for obtaining a go head 
decision, attracting team members, and providing the funding for project. The researcher 
administers the survey of construction companies using convenience sampling during the 
training workshop in Housing Construction Bureau. Additional convenience sample surveys 
of building material firms are conducted to acquire the information during the workshops in 
Economic Development Area Bureau. A total of 173 surveys are administered to construction 
supply chain middle or higher-level managers.  At the end, the researcher received 103 unique 
responses including 51 responses from construction companies accounting for 49.5% of the 
study samples, and 52 responses from building material firms accounting for 50.5% of the 
survey samples. The majority of the respondents belonged to Joint Venture corporates (n=77) 
accounting for 74.8%, 25 respondents belonged to Private sectors (24.3%), 1 respondents 
belonged to sated owned enterprise (0.9%). 27 respondent companies have less than 100 
employees accounting for 26.2%, 37 respondent enterprises have between 100 and 200 
employees (35.9%), 16 respondent companies have between 200 and 300 employees (15.5%), 
16 respondent enterprises have between 300 and 500 employees (15.5%). 7 respondent 
corporates have over 500 employees (6.9%) (See Table 4.1).  
Table 4.1 shows the distribution of respondent enterprises in terms of ownership, industry 
sector, and size using employment levels. The respondents are mainly from three ownerships, 
that is joint venture (74.8%), private sector (24.3%), and sated owned (0.9%). Enterprises sizes 
ranged from under 100 to over 500 employees, such as small sized those with employees less 
than 100, medium sized those with employees between 100 and 300, and large sized those with 
employees over 300MIIT,2011, with the majority of the enterprises falling into medium 
sized enterprise (50.5%) classification of between 101 and 300 employees. Respondents are 
from two industrial sections: construction sector (49.5%) that is responsible for project 
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management and construction of buildings and building materials sector (50.5%) with main 
businesses of producing various building materials including electric cable, sheet metal, EIFS 
(external thermal insulation of exterior wall), aluminium alloy doors and windows, toughened 
glass, decoration and aluminium alloy etc.  
  Table 4.1 Distribution of survey respondent enterprises by ownership, size and industry sector 
 Total  Percentage  
Ownership     
Joint Venture 77 74.8 
Private Sector 25 24.3 
State Owned 1 0.9 
Total  103 100 
   
Size ( Employee)   
≤100 27 26.2 
100-200 37 35.9 
200-300 16 15.5 
300-500 16 15.5 
≥500 7 6.9 
Total  103 100 
Small  27 26.2 
Medium  52 50.5 
Large  24 23.3 
Total  103 100 
   
Industry Sector    
Construction  51 49.5 
Building Material  52 50.5 
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Total  103 100 
 
 
4.2 Factor analysis  
When researcher has no prior hypotheses about factors or patterns of measured variables (Finch 
and West, 1997), exploratory factor analysis (EFA) is usually performed to assess the validity 
of the measures, to reduce the dimensionality of the original space and to give an interpretation 
to the new space.  
Procedures of EFA are more accurate when each factor is presented by multiple measured 
variables. Factors of green SCM pressures/drivers, practices and performance were extracted 
using the maximum likelihood method followed by a varimax rotation. The maximum 
likelihood method allows researchers to assess the statistical significance of factor loadings, 
compute correlations among factors and calculate confidence intervals for parameters (Fabrigar, 
et al., 1999). The varimax rotation method was used to simplify and clarify the data structure. 
The Kaiser criterion (Kaiser’s eigenvalue-greater-than-one rule) was employed with Cattell’s 
scree plot to determine the optimal number of factors to retain in EFA. Both eigenvalue test 
and scree test suggested the presence of three factors for green SCM pressures/drivers, four 
factors for green SCM practices, and two factors for green SCM performance that were retained.  
KMO (Kaiser-Meyer-Olkin) test and Bartlett’s test were used to further validate original items 
groupings.  
Based on the KMO test, the three factors of green SCM pressures/drivers explain 68.8% of the 
inherent variation in the items, the four factors of green SCM practices explain 81.2% of the 
inherent variation in the items, and the two factors of green SCM performance explain 92.9% 
of the inherent variation in the items (Table 4.2). The Bartlett’s test also indicated the factor 
analysis was significant useful with the data. Researcher kept the labels of the three factors on 
green SCM pressures/drivers in terms of regulation, market and internal factors; four factors 
on green SCM practices, i.e., internal environmental management, green procurement, green 
distribution and reverse logistics, and government involvement; and two factors on green SCM 
performance which included environmental performance and economic performance (Tables 
4.3-4.5). To further confirm the reliability of these factors on green SCM pressures/ drivers, 
practices and performance, the Cronbach’s alpha value was adopted. All the factors on green 
SCM pressures/drivers, practices and performance have levels of Cronbach’s alpha are higher 
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than 0.70, the threshold value recommended by Nunnally (1978) (Table 4.6), which ensures 
the construct’s validity and consistency.  
Table 4.2 KMO Measurement for green SCM pressures/drivers, practices and performance  
 Kaiser-Meyer-Olkin measure of Sampling Adequacy  
Green SCM pressures/drivers 0.688 
Green SCM practices 0.812 
Green SCM performance 0.929 
 
Table 4.3 Rotated Factor Matrix on green SCM pressures/ drivers  
Survey Items  1 2 3 
    
Regulation     
Environmental regulations 0.829* -0.038 -0.022 
Potential conflicts with national laws 0.777* -0.053 0.031 
Potential conflicts with foreign laws 0.654* -0.072 -0.079 
National regulations 0.669* 0.146 0.227 
Foreign regulations 0.724* 0.149 -0.040 
    
Market     
Domestic customers’ expectations 0.030 -0.153 0.897* 
Foreign customers’ expectations -0.004 -0.063 0.932* 
    
Internal factors     
Green image 0.021 0.929* -0.084 
Environmental policy 0.035 0.904* -0.077 
Liability for disposal hazardous materials 0.008 0.917* -0.078 
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Table 4.4 Rotated factor matrix on green SCM practices  
Survey  items  1 2 3 4 
     
Internal environmental management      
Commitment from senior level management 0.795* 0.091 0.294 -0.032 
Commitment from mid-level management 0.820* 0.094 0.238 0.070 
Inter-departmental cooperation 0.648* 0.354 0.016 0.132 
Environmental compliance and auditing system 0.728* 0.127 -0.047 0.354 
Improvement of manufacturing process 0.628* 0.274 0.048 0.177 
     
Green procurement      
Cooperation with supplier 0.182 0.098 -0.029 0.777* 
Environmental requirement 0.118 0.144 0.195 0.757* 
ISO 14000 Certification 0.084 0.064 0.106 0.801* 
     
Green distribution and reverse logistics     
Environment friendly transportation 0.262 0.218 0.691* -0.017 
Excess inventory and material -0.078 0.494 0.565* 0.094 
Used material and scrap 0.039 0.012 0.726* 0.204 
Technology utilization 0.159 0.058 0.763* 0.030 
     
Government involvement      
Government coordination 0.355 0.682* 0.068 -0.063 
Infrastructure 0.178 0.772* 0.158 0.184 
Assistance from government 0.381 0.767* 0.019 0.093 
Knowledge popularization 0.050 0.817* 0.179 0.168 
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Table 4.5 Rotated factor matrix on green SCM performance  
Survey items  1 2 
   
Environmental performance    
Reduction of solid/liquid waste 0.389 0.799* 
Reduction of air emission 0.337 0.844* 
Reduction of consumption of hazardous materials 0.392 0.852* 
Reduction of consumption of energy 0.330 0.744* 
   
Economic performance    
Increase of profit margin 0.740* 0.366 
Improvement of corporate image 0.666* 0.495 
Increase of investment 0.667* 0.308 
Increase of market share 0.803* 0.272 
Increase of sales 0.828* 0.332 
Increase of efficiency 0.820* 0.387 
Improvement of productivity 0.779* 0.389 
Improvement of   product quality 0.627* 0.518 
Reduction of cost for material procurement 0.745* 0.383 
Reduction of fee of waste treatment or discharge 0.760* 0.348 
 
Table 4.6 Reliability Statistics for green SCM pressures/drivers, practices, and performance  
 Cronbach’s alpha  Number of Items  
Green SCM pressure/drivers    
Regulation  0.782 5 
Market  0.842 2 
Internal factors  0.914 3 
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Green SCM practices    
Internal environmental management  0.834 5 
Green procurement  0.738 3 
Green distribution and reverse logistics  0.712 4 
Government involvement  0.840 4 
Green SCM performance    
Environmental performance  0.913 4 
Economic performance  0.952 10 
 
4.3 Evaluating hypotheses 
The descriptive statistics were used to quantitatively analyse the main features of collected 
information on green SCM pressures/drivers, practices and performance. Items for each factor 
on green SCM pressures/drivers, green SCM practices, green SCM performance and other 
descriptive data in terms of Cronbach’s alpha, means, standard deviations and sample size are 
shown in Tables 4.7-4.9. The mean is used synonymously to refer to one measure of the central 
tendency (Feller, 1950). The standard deviation is used to quantify the amount of dispersion or 
variation of a set of data value (Bland and Altman, 1996).	
Hypothesis 1a posits that companies in Chinese construction industry are facing significant 
pressures to adopt green SCM pressures that arise from a variety of sources. In this survey, 
questions were answered using a five-point Likert-type scale (e.g. 1 Strongly Disagree, 2 
Disagree, 3 Neither Agree nor Disagree, 4 Agree, 5 Strongly Agree). As shown in Table 4.7, 
the means of the factors on green SCM pressures/drivers are 4.2796 for regulation, 4.3689 for 
market, and 4.2591 for internal factors which are all above 4.00(agree). Among these pressures 
or drivers, ‘Market’ pressure is the most important driver with the mean score of 4.3689; 
‘Regulation’ comes second, and ‘Internal factors’ are the third. Thus, Hypothesis 1a is 
supported for companies in Chinese construction industry have experienced significant 
pressures or received strong incentives to implement green SCM practices. 
Hypothesis 2a posits that companies in Chinese construction industry are actively adopting and 
implementing green SCM practices. In this survey, five-point Likert-type scale (e.g. 1 Not 
Consider, 2 Plans to Consider, 3 Currently Consider, 4 Initiate Implementing, 5 Successful 
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Implementation) are also utilized in the section about green SCM practices. Table 4.8 presents 
that the means of the factor of green SCM practices are 4.5465 for internal environmental 
management, 4.5406 for green procurement, 4.6408 for green distribution and reverse logistics, 
and 4.5971 for government involvement which are all above 4.00 (initiate implementing) and 
indicate a good level of green SCM practice adopting and implementation. Therefore, 
Hypothesis 2a is supported with the results that are in line with those of green SCM 
pressures/drivers, and prove that the green SCM pressures/drivers have effectively driven green 
SCM practices in these Chinese enterprises. 
In this survey, the five-point Likert-type scale (1. Not at all, 2 A little bit, 3 To some degree, 4 
Relatively important, 5 Important) are introduced to the effects on environmental and economic 
green SCM performance. Both green SCM performance are below 4.00 (relatively important) 
but above 3.00 (to some degree), with 3.3568 for environmental performance and 3.1951 for 
economic performance.  
 
Table 4.7 Descriptive statistics for green SCM pressures/ drivers 
Survey Items  Mean  Std.Deviation  N 
Regulation (α=0.782) 4.2796 0.50824 103 
Environmental regulation 4.3592 0.69810 103 
Potential conflicts with national laws 4.1650 0.72891 103 
Potential conflicts with foreign laws 4.1650 0.74224 103 
National regulations 4.4078 0.67790 103 
Foreign regulations 4.3010 0.62364 103 
   103 
Market (α=0.842) 4.3689 0.52841 103 
Domestic customers’ expectations 4.3592 0.57487 103 
Foreign customers’ expectations 4.3786 0.56215 103 
    
Internal factors (α=0.914) 4.2591 0.74541 103 
Green image 4.2524 0.81311 103 
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Environmental policy 4.2621 0.81603 103 
Liability for disposal hazardous materials 4.2621 0.79164 103 
1 Strongly Disagree, 2 Disagree, 3 Neither Agree nor Disagree, 4 Agree, 5 Strongly Agree 
 
 
Table 4.8 Descriptive statistics for green SCM practices  
Survey items  Mean  Std.Dviation  N  
    
Internal environmental management (α=0.834) 4.5165 0.42243 103 
Commitment from senior level management 4.5437 0.53827 103 
Commitment from  mid-level management 4.5922 0.55017 103 
Inter-departmental  cooperation 4.5146 0.52139 103 
Environmental compliance and auditing system 4.4854 0.53986 103 
Improvement of manufacturing process 4.4466 0.57272 103 
    
Green procurement (α=0.738) 4.5406 0.41579 103 
Cooperation with supplier 4.5825 0.51496 103 
Environmental requirement 4.4951 0.50242 103 
ISO 14000 Certification 4.5437 0.51974 103 
    
Green distribution and reverse logistics 
(α=0.712) 
4.6408 0.35298 103 
Environment friendly transportation 4.6505 0.47915 103 
Excess inventory and material 4.6602 0.47596 103 
Used material and scrap 4.6408 0.48212 103 
Technology utilization 4.6117 0.48976 103 
    
Government involvement (α=0.840) 4.5971 0.40860 103 
Government coordination 4.5922 0.49382 103 
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Infrastructure 4.5825 0.49555 103 
Assistance from government 4.5728 0.49709 103 
Knowledge popularization 4.6408 0.50204 103 
1= Not Consider, 2= Plans to Consider, 3= Currently Consider, 4= Initiate Implementing, 5= 
Successful Implementation 
 
 
Table 4.9 Descriptive statistics for green SCM performance  
Survey items  Mean  Std.Deviation  N  
    
Environmental performance(α=0.913) 3.3568 1.02338 103 
Reduction of solid/liquid waste 3.2330 1.15643 103 
Reduction of air emission 3.2330 1.14792 103 
Reduction of consumption of hazardous materials 3.3107 1.15495 103 
Reduction of consumption of energy 3.6505 1.13508 103 
    
Economic performance (α=0.952) 3.1951 0.97713 103 
Increase of profit margin 2.9806 1.12877 103 
Improvement of corporate image 3.4563 1.20275 103 
Increase of investment 3.3883 1.11349 103 
Increase of market share 3.2136 1.12590 103 
Increase of sales 3.1942 1.23716 103 
Increase of efficiency 3.1845 1.21064 103 
Improvement of productivity 3.2524 1.08210 103 
Improvement of   product quality 3.3592 1.11895 103 
Reduction of cost for material procurement 2.9223 1.25783 103 
Reduction of fee of waste treatment or discharge 3.0000 1.20457 103 
1= Not at all, 2= A little bit, 3 =To some degree, 4= Relatively Important, 5= Important 
 
 
47	
	
Analysis of variance (ANOVA) and t-tests were introduced to assess the variations in green 
SCM pressures/drivers, practices and performance in different sized enterprises and different 
industry sectors. The samples of the enterprises were categorized into three groups in term of 
the establishment of the employees and two groups in terms of the establishment of industry 
sectors, such as small sized those with employees less than 100, medium sized those with 
employees between 100 and 300, large sized those with employees more than 300, construction 
enterprises and building materials enterprises (Table 4.1). A one-way ANOVA was used to 
evaluate if the statistically significant differences exist in green SCM pressures, practices and 
performance in the samples of enterprises. And the two-tailed independent samples t-tests were 
utilized to compare the differences between different size and industry sector. The composite 
factors were compared before the evaluation of the specific items in order to obtain the overall 
results.  
In the EFA, the items of green SCM pressures were grouped into three dimensions such as 
regulation, market and internal factors; the green SCM practices were classified into four 
categories in terms of internal environmental management, green procurement, Green 
distribution and reverse logistics, and government involvement; and green SCM performance 
is originated two groups including environmental performance and economic performance. 
Tables 4.10-4.15 separately provide each categories and specific items within the questionnaire. 
The composite factors and items for each factor of green SCM pressures/drivers, practices and 
performance together with means and standard deviations were also presented in these tables.  
The results of ANOVA for green SCM pressures in Table 4.10 indicate that as a composite 
factor, only ‘regulation’ has statistically significant differences (p-value=0.008**) among 
three firm sizes. The ANOVA results for green SCM practices in Table 4.11 do not show any 
statistically significant difference across the enterprises size. The ANOVA results for green 
SCM performance in Table 4.12 present that the composite factor of ‘economic performance’ 
has statistically significant differences (p-value=0.004**) among the firm sizes. In specific, the 
results of t-test in Table 4.10 show that the medium sized enterprises have the highest 
‘regulation’ pressure (mean=4.40), significantly stronger than small sized enterprises (p-
value=0.002**). And large sized enterprises haves slightly stronger ‘regulation’ pressures than 
small sized enterprises (p-value=0.075+). In Table 4.12, the t-test results present the medium 
sized enterprise have the highest positive ‘economic performance’ (mean=3.41), significantly 
higher than small sized enterprises (p-value=0.001**), and large sized enterprises also have 
significantly higher positive ‘economic performance’ than small sized firms (p-value= 0.020*). 
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Hypothesis 1b posits that the level of green SCM pressures/drivers is different in small, 
medium and large sized companies in Chinese construction industry. In Table 4.10, ANOVA 
results show that the composite factor of ‘regulation’ has the statistically significant differences 
(p-value=0.008**) across three firm sizes, in specific, the item of ‘environmental regulation’ 
has the statistically significant difference (p-value=0.008**), the items of ‘national (domestic) 
regulation’ also has the statistically significant differences (p-value=0.003**). As a composite 
factor, ‘market’ does not have any statistically significant differences among small, medium 
and large sized enterprises, however, the item of ‘foreign customers’ expectations’ pressure 
has slightly differences (p-value=0.051+) across three sized enterprises. The composite factor-
‘internal factors’ has no statistically significant differences among three different sizes of 
company. Furthermore, the results of t-test show that the medium sized enterprises have the 
highest ‘regulation’ pressures (mean=4.40), significantly stronger than small sized enterprises 
(p-value=0.002**). And large sized enterprises haves slightly stronger ‘regulation’ pressures 
than small sized enterprises (p-value=0.075+). The medium sized enterprises have the highest 
‘environmental regulation’ pressures (mean=4.46), significantly stronger than small sized (p-
value=0.004**) and large sized (p-value=0.036*) companies. Medium sized enterprises have 
slightly stronger ‘breach of national laws’ than small sized enterprises (p-value=0.061+). The 
small sized enterprises have significantly weaker ‘national (domestic) regulations’ than 
medium sized (p-value=0.002**) and large sized (p-value=0.008**) enterprises. The small 
sized companies have slightly stronger ‘market’ pressures than medium sized ones (p-
value=0.071+). The small sized enterprises have significantly stronger ‘foreign customers’ 
expectations’ pressures than medium sized enterprises (p-value=0.025*). Thus, Hypothesis 1b 
is not supported in this study.  
Hypothesis 2b posits that the level of green SCM implementation is different in small, medium 
and large sized companies in Chinese construction industry. In Table 4.11, the results of 
ANOVA present that the composite factor ‘green procurement’ has a slightly significant 
differences (p-value=0.072+) across small, medium and large sized enterprises. The results of 
variance analysis also indicate there are not any statistically significant differences among three 
different sizes companies for the composite factors of green SCM practices including ‘internal 
environmental management’, ‘Green distribution and reverse logistics’, and ‘government 
involvement’. The item of ‘environmental requirement’ has a statistically significant difference 
(p-value=0.005**) among three sizes enterprises. Furthermore, t-test results show that the 
medium sized enterprises have the highest ‘green procurement’ practices (mean=4.61), 
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significantly stronger than large sized firms (p-value=0.016*). The item of ‘cooperation with 
supplier’ has a slightly difference between medium sized and large sized enterprises, and the 
medium sized enterprises have the highest mean value of ‘cooperation with supplier’ 
(mean=4.67). The small sized enterprises have the highest ‘environmental requirement’ 
practices (mean=4.59), significantly stronger than medium sized enterprises (p-value=0.005**). 
And there is a statistically significant difference between medium and large sized companies 
in the green SCM practices item of ‘environmental requirement’ (p-value=0.002**). There is 
also a slightly difference between small and large sized enterprises in the item of ‘government 
coordination’ (p-value=0.079+). Therefore, Hypothesis 2b is not supported in this research.  
In Table 4.12, ANOVA results predicate that there is not any statistically significant difference 
in the composite green SCM performance factor of ‘environmental performance’ across three 
different sizes companies. In contrast, the composite factor of ‘economic performance’ has a 
statistically significant difference among small, medium and large sized enterprises (p-
value=0.004**). And the statistically significant differences across three different sized 
enterprises also exist in the items of ‘improvement of corporate image’ (p-value=0.015*), 
‘increase of investment’ (p-value=0.000***), ‘increase of market share’ (p-value=0.003**), 
‘increase of sales’ (p-value=0.009**), ‘increase of efficiency’ (p-value=0.009**), 
‘improvement of productivity’(p-value=0.010*), and ‘reduction of fee of waste treatment or 
discharge’ (p-value=0.021*). Furthermore, the results of t-test support that there is a slightly 
significant difference between small and medium sized enterprises in the item of ‘reduction of 
consumption of energy’ (p-value=0.050+). The small sized enterprises have the lowest 
‘economic performance’ (mean=2.68), significantly lower than medium sized enterprises (p-
value=0.001**) and large sized corporates (p-value=0.020*). The medium sized corporates 
have the highest ‘increase of profit margin’ (mean=3.15), significantly stronger than small size 
enterprises (p-value= 0.026*). The small size corporates have the lowest ‘improvement of 
corporate image’ (mean=2.89), significantly lower than medium sized enterprises (p-
value=0.004**) and large sized enterprises (p-value=0.026*). The small sized enterprises have 
the lowest ‘increase of investment’ (mean=2.67), significantly lower than medium sized (p-
value=0.000***) and large sized (0.001**) corporates. The small sized companies have the 
lowest ‘increase of market share’ (mean=2.59), significantly lower than medium sized (p-
value=0.001**) and large sized (0.004**) enterprises. Small sized corporates have the lowest 
‘increase of sales’ (mean=2.59), significantly lower than medium sized enterprises (p-
value=0.001**) and slightly different with large sized enterprises (p-value=0.064+). Small 
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sized enterprises have the lowest ‘increase of efficiency’ (mean=2.59), significantly lower than 
medium size corporates (p-value=0.001**) and slightly different with large sized enterprises 
(p-value=0.051+). Small sized companies have the lowest ‘improvement of productivity’ 
(mean=2.89) and significantly lower than medium sized enterprises (p-value=0.034*). Small 
sized enterprises have lowest ‘improvement of product quality’ (mean=2.81), significantly 
lower than medium sized (p-value=0.006**) and large sized (p-value=0.010*) companies. 
Small sized enterprises also have lowest ‘reduction of fee of waste treatment or discharge’ 
(mean=2.48), significantly lower than medium sized companies (p-value=0.004) and slightly 
different with large sized companies (p-value=0.098+). 
Hypothesis 1c posits that the level of green SCM pressures/drivers is different in Chinese 
construction sector companies and building material sector companies. In Table 4.13, ANOVA 
and t-test results for green SCM pressures/drivers indicate that ‘regulation’ and ‘market’ are 
composite factors for both construction and building material sectors. While ‘internal factors’ 
influence construction sector slightly different from building material sector (p-value=0.059+). 
The construction sector enterprises have significantly stronger ‘national (domestic) regulations’ 
pressure than building material sector companies (p-value=0.016*). The construction sector 
enterprises have significantly stronger ‘green image’ pressures than building material sector 
companies (p-value=0.048*). And the construction sector enterprises have significantly 
stronger ‘environmental policy’ pressures than building material sector companies (p-
value=0.036*). Thus, Hypothesis 1c is not supported in this study.  
Hypothesis 2c posits that the level of green SCM implementation is different in Chinese 
construction sector companies and building material sector companies. ANOVA and t-test 
results for green SCM practices in Table 4.14 show only the implementation of ‘Green 
procurement’ has statistically significant difference between two sectors. The implementation 
of ‘green procurement’ in construction sector enterprises is significantly stronger than one in 
the building material sector companies (p-value=0.030*). The construction sector enterprises 
have significantly stronger ‘environmental requirement’ practices than building material sector 
companies (p-value=0.001**). Other composite green SCM practices including ‘internal 
environmental management’, ‘Green distribution and reverse logistics’, and ‘government 
involvement’ are adopted or implemented at similar levels by the two industry sectors. 
Therefore, Hypothesis 2c is not supported in this study.  
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Finally, ANOVA and t-tests results for green SCM performance in Table 4.15 present that both 
the composite factors, such as ‘environmental performance’ and ‘economic performance’, do 
not have any statistically significant differences between two Chinese construction industry 
sectors. 
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Table 4.10 Comparison of green SCM pressures/ drivers in Chinese construction enterprises with different sizes  
Items   S  M  L   ANOVA T test  
  n=27  n=52  n=24   p-value p-value 
  Mean S.D Mean  S.D Mean S.D   S and M S and L M and L 
Regulation   4.03 0.568 4.40 0.446 4.30 0.483  0.008** 0.002** 0.075+ 0.379 
Environmental regulation  4.07 0.874 4.46 0.574 4.25 0.608  0.008** 0.004** 0.414 0.036* 
Potential conflicts with national laws  3.93 0.829 4.25 0.653 4.25 0.737  0.140 0.061+ 0.149 1.000 
Potential conflicts with foreign laws  3.96 0.854 4.23 0.744 4.17 0.565  0.222 0.103 0.326 0.551 
National regulations  4.04 0.649 4.54 0.641 4.54 0.658  0.003** 0.002** 0.008** 0.984 
Foreign regulations  4.15 0.456 4.38 0.690 4.29 0.624  0.280 0.113 0.349 0.576 
             
Market   4.50 0.439 4.27 0.573 4.44 0.496  0.141 0.071+ 0.635 0.219 
Domestic customers’ expectations  4.44 0.506 4.29 0.637 4.42 0.504  0.449 0.273 0.845 0.388 
Foreign customers’ expectations  4.56 0.506 4.25 0.590 4.46 0.509  0.051+ 0.025* 0.498 0.140 
             
Internal factors   4.20 0.770 4.22 0.808 4.42 0.558  0.496 0.912 0.254 0.280 
Green image  4.15 0.864 4.21 0.871 4.46 0.588  0.351 0.759 0.145 0.212 
Environmental policy  4.07 0.917 4.31 0.853 4.38 0.576  0.361 0.264 0.173 0.727 
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Liability for disposal hazardous materials  4.37 0.742 4.13 0.886 4.42 0.584  0.253 0.240 0.807 0.160 
  + p-value ˂0.10, * p-value ˂0.05, ** p-value ˂0.01, *** p-value ˂0.001 
S=Small sized, M=Medium sized, L=Large sized 
1=Strongly Disagree, 2= Disagree, 3 =Neither Agree nor Disagree, 4= Agree, 5= Strongly Agree 
 
Table 4.11 Comparison of green SCM practices in Chinese construction enterprises with different sizes 
Items   S  M  L   ANOVA T test  
  n=27  n=52  n=24   p-value p-value 
  Mean S.D Mean  S.D Mean S.D   S and M S and L M and L 
Internal environmental management   4.53 0.454 4.53 0.365 4.48 0.510  0.860 0.946 0.668 0.614 
Commitment from senior level management  4.63 0.492 4.52 0.505 4.50 0.659  0.625 0.355 0.427 0.889 
Commitment from  mid-level management   4.52 0.580 4.63 0.525 4.58 0.584  0.675 0.371 0.693 0.704 
Inter-departmental  cooperation  4.56 0.506 4.50 0.542 4.50 0.511  0.895 0.660 0.699 1.000 
Environmental compliance and auditing 
system 
 4.44 0.577 4.54 0.503 4.41 0.584  0.597 0.456 0.865 0.354 
Improvement of manufacturing process   4.52 0.580 4.44 0.539 4.38 0.647  0.673 0.563 0.407 0.637 
             
Green procurement   4.56 0.472 4.61 0.378 4.38 0.398  0.072+ 0.586 0.150 0.016* 
Cooperation with supplier  4.52 0.580 4.67 0.474 4.46 0.509  0.182 0.207 0.697 0.077+ 
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Environmental requirement  4.59 0.501 4.58 0.499 4.21 0.415  0.005** 0.895 0.005** 0.002** 
ISO 14000 Certification  4.56 0.577 4.58 0.499 4.46 0.509  0.650 0.865 0.529 0.342 
             
Green distribution and reverse logistics   4.72 0.335 4.61 0.368 4.63 0.338  0.372 0.174 0.308 0.829 
Environment friendly transportation  4.78 0.424 4.62 0.491 4.58 0.504  0.267 0.149 0.141 0.794 
Excess inventory and material  4.74 0.447 4.60 0.495 4.71 0.464  0.379 0.207 0.801 0.353 
Used material and scrap  4.74 0.447 4.58 0.499 4.67 0.482  0.346 0.156 0.571 0.464 
Technology utilization  4.63 0.492 4.63 0.486 4.54 0.509  0.730 0.966 0.534 0.448 
             
Government involvement   4.70 0.399 4.56 0.389 4.55 0.454  0.289 0.133 0.210 0.918 
Government coordination  4.74 0.447 4.56 0.502 4.50 0.511  0.172 0.115 0.079+ 0.644 
Infrastructure  4.70 0.465 4.52 0.505 4.58 0.504  0.295 0.118 0.379 0.608 
Assistance from government  4.63 0.492 4.56 0.502 4.54 0.509  0.784 0.545 0.534 0.898 
Knowledge popularization  4.74 0.447 4.62 0.491 4.58 0.584  0.473 0.271 0.282 0.804 
  + p-value ˂0.10, * p-value ˂0.05, ** p-value ˂0.01, *** p-value ˂0.001 
S=Small sized, M=Medium sized, L=Large sized 
1= Not Consider, 2= Plans to Consider, 3= Currently Consider, 4= Initiate Implementing, 5= Successful Implementation 
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Table 4.12 Comparison of green SCM performance in Chinese construction enterprises with different sizes 
Items   S  M  L   ANOVA T test  
  n=27  n=52  n=24   p-value p-value 
  Mean S.D Mean  S.D Mean S.D   S and M S and L M and L 
Environmental performance   3.14 0.918 3.47 1.060 3.36 1.058  0.406 0.177 0.419 0.698 
Reduction of solid/liquid waste  3.04 1.018 3.29 1.160 3.33 1.308  0.589 0.345 0.368 0.881 
Reduction of air emission  3.11 1.086 3.33 1.200 3.17 1.129  0.697 0.436 0.859 0.583 
Reduction of consumption of hazardous 
materials 
 3.11 1.050 3.42 1.194 3.29 1.197  0.525 0.255 0.569 0.657 
Reduction of consumption of energy  3.30 0.993 3.83 1.184 3.67 1.129  0.143 0.050+ 0.218 0.580 
             
Economic performance   2.68 0.789 3.41 0.941 3.30 1.065  0.004** 0.001** 0.020* 0.653 
Increase of profit margin  2.59 0.931 3.15 1.092 3.04 1.334  0.106 0.026* 0.166 0.699 
Improvement of corporate image  2.89 0.974 3.67 1.184 3.63 1.313  0.015* 0.004** 0.026* 0.874 
Increase of investment  2.67 0.832 3.63 1.030 3.67 1.239  0.000*** 0.000*** 0.001** 0.906 
Increase of market share  2.59 0.888 3.40 1.071 3.50 1.251  0.003** 0.001** 0.004** 0.731 
Increase of sales  2.59 1.083 3.48 1.146 3.25 1.391  0.009** 0.001** 0.064+ 0.449 
Increase of efficiency  2.59 0.971 3.46 1.163 3.25 1.359  0.009** 0.001** 0.051+ 0.487 
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Improvement of productivity  2.89 1.013 3.42 1.054 3.29 1.160  0.112 0.034* 0.192 0.626 
Improvement of   product quality  2.81 1.001 3.50 1.019 3.67 1.274  0.010* 0.006** 0.010* 0.543 
Reduction of cost for material procurement  2.67 1.038 3.13 1.268 2.75 1.422  0.219 0.103 0.811 0.241 
Reduction of fee of waste treatment or discharge  2.48 0.802 3.27 1.239 3.00 1.351  0.021* 0.004** 0.098+ 0.395 
  + p-value ˂0.10, * p-value ˂0.05, ** p-value ˂0.01, *** p-value ˂0.001 
S=Small sized, M=Medium sized, L=Large sized 
1= Not at all, 2= A little bit, 3 =To some degree, 4= Relatively Important, 5= Important 
 
 Table 4.13 Comparison of green SCM pressures/drivers in different industry sectors  
Items   Cons  Buil   ANOVA T test  
  n=51  n=52   p-value p-value 
  Mean S.D Mean  S.D    
Regulation   4.34 0.443 4.22 0.564  0.256 0.256 
Environmental regulation  4.43 0.608 4.29 0.776  0.301 0.301 
Potential conflicts with national laws  4.24 0.681 4.10 0.774  0.335 0.335 
Potential conflicts with foreign laws  4.08 0.688 4.25 0.789  0.243 0.243 
National regulations  4.57 0.575 4.25 0.738  0.016* 0.016* 
 
Foreign regulations  4.37 0.631 4.23 0.614  0.251 0.251 
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Market   4.32 0.607 4.41 0.440  0.390 0.390 
Domestic customers’ expectations  4.33 0.622 4.38 0.530  0.653 0.653 
Foreign customers’ expectations  4.31 0.616 4.44 0.502  0.248 0.248 
         
Internal factors   4.40 0.600 4.12 0.848  0.059+ 0.059+ 
Green image  4.41 0.638 4.10 0.934  0.048* 0.048* 
Environmental policy  4.43 0.640 4.10 0.934  0.036* 0.036* 
Liability for disposal hazardous materials  4.35 0.627 4.17 0.923  0.251 0.251 
  + p-value ˂0.10, * p-value ˂0.05, ** p-value ˂0.01, *** p-value ˂0.001 
Cons=Construction enterprises, Buil=Building material enterprises  
1=Strongly Disagree, 2= Disagree, 3 =Neither Agree nor Disagree, 4= Agree, 5= Strongly Agree 
 
 
Table 4.14 Comparison of green SCM practices in different industry sectors  
Items   Cons  Buil   ANOVA T test  
  n=51  n=52   p-value p-value 
  Mean S.D Mean  S.D    
Internal environmental management   4.47 0.460 4.56 0.383  0.320 0.320 
Commitment from senior level management  4.53 0.542 4.56 0.539  0.791 0.791 
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Commitment from mid-level management  4.59 0.606 4.60 0.495  0.942 0.942 
Inter-departmental cooperation  4.45 0.541 4.58 0.499  0.222 0.222 
Environmental compliance and auditing system  4.45 0.541 4.52 0.542  0.524 0.524 
Improvement of manufacturing process  4.35 0.594 4.54 0.541  0.100 0.100 
         
Green procurement   4.45 0.394 4.63 0.421  0.030* 0.030* 
Cooperation with supplier  4.55 0.503 4.62 0.530  0.516 0.516 
Environmental requirement  4.33 0.476 4.65 0.480  0.001** 0.001** 
ISO 14000 Certification  4.47 0.504 4.62 0.530  0.158 0.158 
         
Green distribution and reverse logistics   4.62 0.340 4.66 0.367  0.513 0.513 
Environment friendly transportation  4.61 0.493 4.69 0.466  0.374 0.374 
Excess inventory and material  4.59 0.497 4.73 0.448  0.129 0.129 
Used material and scrap  4.63 0.488 4.65 0.480  0.783 0.783 
Technology utilization  4.65 0.483 4.58 0.499  0.470 0.470 
         
Government involvement   4.57 0.425 4.62 0.394  0.565 0.565 
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Government coordination  4.63 0.488 4.56 0.502  0.476 0.476 
Infrastructure  4.51 0.505 4.65 0.480  0.141 0.141 
Assistance from government  4.53 0.504 4.62 0.491  0.383 0.383 
Knowledge popularization  4.63 0.488 4.65 0.520  0.791 0.791 
  + p-value ˂0.10, * p-value ˂0.05, ** p-value ˂0.01, *** p-value ˂0.001 
Cons=Construction enterprises, Buil=Building material enterprises  
1= Not Consider, 2= Plans to Consider, 3= Currently Consider, 4= Initiate Implementing, 5= Successful Implementation 
 
 
Table 4.15 Comparison of green SCM performance in different industry sectors  
Items   Cons  Buil   ANOVA T test  
  n=51  n=52   p-value p-value 
  Mean S. D Mean  S. D    
Environmental performance   3.37 1.023 3.35 1.034  0.916 0.916 
Reduction of solid/liquid waste  3.27 1.201 3.19 1.121  0.720 0.720 
Reduction of air emission  3.20 1.132 3.30 1.173  0.748 0.748 
Reduction of consumption of hazardous 
materials 
 3.33 1.143 3.29 1.177  0.845 0.845 
Reduction of consumption of energy  3.67 1.178 3.63 1.103  0.887 0.887 
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Economic performance   3.29 0.956 3.10 0.998  0.331 0.331 
Increase of profit margin  3.02 1.157 2.94 1.110  0.730 0.730 
Improvement of corporate image  3.61 1.234 3.31 1.164  0.207 0.207 
Increase of investment  3.51 1.155 3.27 1.069  0.275 0.275 
Increase of market share  3.35 1.110 3.08 1.135  0.215 0.215 
Increase of sales  3.25 1.246 3.13 1.237  0.624 0.624 
Increase of efficiency  3.29 1.205 3.08 1.218  0.365 0.365 
Improvement of productivity  3.33 1.071 3.17 1.098  0.455 0.455 
Improvement of   product quality  3.53 1.138 3.19 1.085  0.127 0.127 
Reduction of cost for material procurement  2.88 1.321 2.96 1.204  0.751 0.751 
Reduction of fee of waste treatment or discharge  3.12 1.211 2.88 1.199  0.329 0.329 
  + p-value ˂0.10, * p-value ˂0.05, ** p-value ˂0.01, *** p-value ˂0.001 
Cons=Construction enterprises, Buil=Building material enterprises  
1= Not at all, 2= A little bit, 3 =To some degree, 4= Relatively Important, 5= Important 
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Correlation and regression analysis were used to identify relationships among green SCM 
pressures/ drivers, practices and performance since they are related in the sense that both deal 
with relationships among variables. The correlations between green SCM pressures/drivers and 
green SCM practices and in turn between green SCM practices and green SCM performance 
were examined using Pearson correlation coefficients to ‘determine the empirical relationship 
between the two variables’ (Babbie, 2009). Since correlation does not imply causation, the 
regression analysis is used to examine the causal relationships (Armstrong, 2012) between 
green SCM pressures/drivers, practices and performance in the samples of Chinese enterprises 
in construction industry.  
Items for each factor on green SCM pressures/drivers, green SCM practices, and green SCM 
performance and other regression results in terms of significant p-value, variance inflation 
factor (VIF), and adjusted R square are shown in Tables 4.18, 4.19.  
In the relevant regression models, each factor of the pressures/drivers, practices and 
performance of green SCM are average from the underlying items of the measurement to form 
a single indicator factor. Moreover, the use of summary factors allows us to examine the 
relationships based on small size (n=103) and can reduce the model complexity. Thus, the 
summary factors are consequently used for the regression analysis.  
The firm size and industry section may influence the extent of the green SCM practices; 
therefore, both firm size and industry section are included as the control variables in the 
regression analysis. In the four regression models, the three factors of green SCM 
pressures/drivers, i.e. regulation, market, and internal factors are defined as the independent 
variables to assess their influences on the four factors of green SCM practices including internal 
environmental management, green procurement, green distribution and reverse logistics, and 
government involvement. Similarity, the four factors of green SCM practices are treated as the 
independent variables to examine their influences on the green SCM performance including 
environmental performance and economic performance in the two regression models.  
The VIF was introduced to test the potential existence of multi-collinearity in the regression 
analysis. The calculated VIF values in all regression models are less than 1.70 (Tables 4.18-
4.19). According to Mason and Perreault (1991), the multi-collinearity exists in all regression 
models as the maximum level of VIF value is below 10.00. The variance adjusted R squared, 
can provide information to interpret the strengths of the collective impacts of the independent 
variables on the dependent variables (Zhu, Sarkis and Lai, 2007) in the regression models. For 
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example, the variance explains the percentage of change in green SCM practices (dependent 
variables) can be collectively predicted by green SCM pressures (independent variables) in 
regression models (See Table 4.18), and the percentage of change in green SCM performance 
(dependent variables) can be collectively predicted by green SCM practices (independent 
variables) in regression models (See Table 4.19).  
Hypothesis 1d, 1e, 1f and 1g posit companies with higher levels of green SCM 
pressures/drivers are associated with higher levels of levels of internal environmental 
management, green procurement, green distribution and reverse logistics, and government 
involvement practices in Chinese construction industry. In this study, inter-correlations 
between green SCM pressures/drivers and green SCM practices are presented in Table 4.16. 
The results show that a significant relationship (Pearson Correlation value is 0.409**) exists 
between ‘internal environmental management’ (PraC-01) and ‘regulation’ (PerS-01); that a 
strong relationship (Pearson Correlation value is 0.380**) exists between ‘government 
involvement’ (PraC-04) and ‘regulation’ (PerS-01), and there is a clear relationship (Person 
Correlation value is 0.292**) between ‘government involvement’ (PraC-04) and ‘market’ 
(PerS-02). In contrast, ‘internal environmental management’ does not have significant 
correlations with ‘market’ and ‘internal factors’. ‘Green procurement’ does not have 
significant correlations with all factors of green SCM pressures/drivers in terms of regulation, 
market and internal factors. ‘Green distribution and reverse logistics’ does not have significant 
correlation with the factors of green SCM pressures/drivers such as regulation, market and 
internal factors. And ‘government involvement’ does not have significant correlation with 
‘internal factors’.  
The correlation analysis results show that a significant relationship exists between ‘internal 
environmental management’ and ‘regulation’, a strong relationship exists between 
‘government involvement’ and ‘regulation’, and there is a clear relationship between 
‘government involvement’ and ‘market’. In contrast, ‘internal environmental management’ 
does not have significant correlations with ‘market’ and ‘internal factors’. ‘Green procurement’ 
does not have significant correlations with all factors of green SCM pressure in terms of 
regulation, market and internal factors. ‘Green distribution and reverse logistics’ does not have 
significant correlation with the factor of green SCM pressure such as regulation, market and 
internal factors. And ‘government involvement’ does not have significant correlation with 
‘internal factors’.  
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In Table 4.18, it shows that there is a clear and positive relationship between ‘regulation’ and 
green SCM practices such as ‘regulation’ has significantly positive influences on ‘internal 
environmental management’ (β=0.422***), ‘green procurement’(β=0.214*) and ‘government 
involvement’ (β=0.402***), and slightly positive influence on ‘green distribution and reverse 
logistics’ (β=0.184+). ‘Market’ is likely to have no significant influences on most of green 
SCM practice in terms of internal management, green procurement and green distribution and 
reverse logistics, however, has a significantly positive influence on ‘government involvement’ 
(β=0.281**). The ‘internal factors’ have slightly positive influences on ‘internal 
environmental management’ (β=0.174+) and ‘green distribution and reverse logistics’ (β 
=0.170+) but seem to not have any significant impacts on ‘green procurement’ and 
‘government involvement’. In addition, as the control variable, the firm size has a significantly 
negative impact on ‘government involvement’ (β =-0.235*). The possible explanation is that 
Chinese enterprises have experienced strong pressures from the relevant environmental 
regulations, but they may face the similar and every early pressure or drivers from market and 
the internal motivations. And the government has reflected the pressure/ drivers of market to 
adopt green SCM practices, but the enterprises may react at the different peace to adopt 
practices of green SCM when facing to the market pressure and internal motivation. Although 
the government actively involves the adoption of green SCM practices, the practices of green 
SCM in enterprises may be more significant as the green SCM pressure/drivers become more 
mature and adoption since most of the enterprises in Chinese construction industry are at the 
early stage of green SCM practices. The variance explained in each regression models between 
green SCM practices and pressures are: 18.9% of the variance in ‘internal environmental 
management’, 5.7% of the variance in ‘green procurement’, 4.5% of the variance in ‘green 
distribution and reverse logistics’ and 23.1% of the variance in ‘government involvement’. It 
indicates that 18.9% of the change on ‘internal environmental management’, 5.7% of the 
change on ‘green procurement’, 4.5% of the change on ‘green distribution and reverse logistics’ 
and 23.1% of the change on ‘government involvement’ can be accounted for the three factors 
of green SCM pressures/drivers in the samples of Chinese construction industry. Thus, 
Hypothesis 1d, 1e, 1f, and 1g are supported.  
Hypothesis 2d, 2e posit that companies in Chinese construction industry having higher levels 
of adoption of green SCM practices have better green SCM performance improvements. In this 
study, correlations between green SCM practice and green SCM performance are summarized 
in Table 4.17. The results reveal that there is a significant relationship (Pearson Correlation 
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value is 0.263**) between ‘environmental performance’ (PerF-01) and ‘green procurement’ 
(PraC-02); that there is a strong relationship (Pearson Correlation value is 0.257**) between 
‘environmental performance’ (PerF-01) and ‘green distribution and reverse logistics’ (PraC-
03), and a clear relationship (Pearson Correlation value is 0.198*) exists between 
‘environmental performance’ (PerF-01) and ‘government involvement’ (PraC-04). The results 
also identify a significant relationship (Pearson Correlation value is 0.206*) between 
‘economic performance’ (PerF-02) and ‘internal environmental management’ (PraC-01), a 
strong relationship (Pearson Correlation value is 0.233*) between ‘economic performance’ 
(PerF-02) and ‘green procurement’ (Prac-02), and a clear relationship (Pearson Correlation 
value is 0.212*) between ‘economic performance’ (PerF-02) and ‘government involvement’ 
(PerC-04). In contrast, ‘environmental performance’ does not have significant correlation with 
‘internal environmental management’, and the ‘economic performance’ does not have 
significant correlation with ‘green distribution and reverse logistics’.   
In addition, the relationship between green SCM practices and green SCM performance in the 
sample of Chinese construction industry is portrayed in Table 4.17 with the results of bivariate 
correlation using Pearson correlation coefficients. The result shows that a significant 
relationship between ‘environmental performance’ and ‘green procurement’, a strong 
relationship between ‘environmental performance’ and ‘green distribution and reverse 
logistics’, and a clear relationship between ‘environmental performance’ and ‘government 
involvement’. The result also presents that a significant relationship between ‘economic 
performance’ and ‘internal environmental management’, a strong relationship between 
‘economic performance’ and ‘green procurement’, and a clear relationship between ‘economic 
performance’ and ‘government involvement’. In contrast, ‘environmental performance’ does 
not have significant correlation with ‘internal environmental management’. And the ‘economic 
performance’ does not have significant correlation with ‘green distribution and reverse 
logistics’.  
The results in Table 4.19 indicate that both environmental performance and economic 
performance seem to not have any significant relationships with each factor of green SCM 
practices such as internal management, green procurement, green distribution and reverse 
logistics, and government involvement. , ‘green procurement’ has slightly positive impacts on 
both ‘environmental performance’ (β =0.208+) and ‘economic performance’ (β =0.198+). 
‘Green distribution and reverse logistics’ has a slightly positive influence on ‘environmental 
performance’ (β =0.184+). In addition, as the control variable, firm size has a significantly 
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positive impact on ‘economic performance’ (β =0.306**). The possible explanation is that the 
larger size enterprise may have more competitive advantages in the market. And since most of 
the enterprises just initiate implementing green SCM practices, the green SCM performance 
may be more obvious as the adoption of green SCM practices become more matured and 
widespread in Chinese construction industry. The variance explained in each regression models 
between green SCM performance and practices are: 7.7% of the variance in ‘environmental 
performance’, 11.2% of the variance in ‘economic performance’. It predicts that 7.7% of the 
change on ‘environmental performance’ and 11.2% change on ‘economic performance’ can be 
accounted for by the four green SCM practices. Thus, Hypothesis 2d, 2e that posit companies 
in Chinese construction industry having higher levels of adoption of green SCM practices have 
better environmental and economic performance improvements are supported. 
 
Table 4.16 Correlation between green SCM pressures/drivers and practices  
 PreS-01 PreS-02 PreS-03 PraC-01 PraC-02 PraC-03 PraC-04 
Pressures/drivers        
PreS-01 1 0.54 0.048 0.409** 0.181 0.172 0.380** 
PreS-02 0.054 1 -0.191 0.126 0.028 0.146 0.292** 
PreS-03 0.48 -0.191 1 0.140 0.068 0.130 0.045 
Practices         
PraC-01 0.409** 0.126 0.140 1 0.353** 0.343** 0.519** 
PraC-02 0.181 0.028 0.068 0.353** 1 0.250* 0.295** 
PraC-03 0.172 0.146 0.130 0.343** 0.250* 1 0.401** 
PraC-04 0.380** 0.292** 0.045 0.519** 0.295** 0.401** 1 
**Correlation is significant at the 0.01level (two-tailed) 
*Correlation is significant at the 0.05 level (two-tailed) 
PerS-01: Regulation, PerS-02: Market, PreS-03: Internal factors, Pra-C01: Internal environmental 
management, PraC-02: Green procurement, PraC-03: Green distribution and reverse logistics, PraC-
04: Government involvement.  
 
 
Table 4.17 Correlation between green SCM practices and performance  
 PraC-01 PraC-02 PraC-03 PraC-04 PerF-01 PerF-02 
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Practices        
PraC-01 1 0.353** 0.343** 0.519** 0.184 0.206* 
PraC-02 0.353** 1 0.250* 0.295** 0.263** 0.233* 
PraC-03 0.343** 0.250* 1 0.401** 0.257** 0.137 
PraC-04 0.519** 0.295** 0.401** 1 0.198* 0.212* 
Performance        
PerF-01 0.184 0.263** 0.257** 0.198* 1 0.772** 
PerF-02 0.206* 0.233* 0.137 0.212* 0.772** 1 
**Correlation is significant at the 0.01level (two-tailed) 
*Correlation is significant at the 0.05 level (two-tailed) 
PraC-01: Internal environmental management, PraC-02: Green procurement, PraC-03: Green 
distribution and reverse logistics, PraC-04: Government involvement, PerF-01: Environmental 
performance, PerF-02: Economic performance. 
 
Table 4.18 Regression results between green SCM practices and pressure  
Independen
t Variables  
 Dependent Variables  
  PraC-01 PraC-02 PraC-03 PraC-04 
  Unstandardize
d Coefficients 
(beta)  
Multi-
collinearit
y 
Statistics  
 (VIF) 
beta VIF beta VIF beta VIF 
Firm size   -.066 1.578 -0.070 1.58
7 
-0.132 1.58
7 
-0.235* 1.58
7 
Industry 
section  
 0.130 1.586 0.216
+ 
1.58
6 
0.026 1.58
6 
-0.043 1.58
6 
PreS-01  0.422*** 1.047 0.214* 1.04
7 
0.184
+ 
1.04
7 
0.402**
* 
1.04
7 
PreS-02  0.122 1.046 0.015 1.04
6 
0.160 1.04
6 
0.281** 1.04
6 
PreS-03   0.174+ 1.072 0.108 1.07
2 
0.170
+ 
1.07
2 
0.095 1.07
2 
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Adjusted R 
square 
 0.189 0.057 
 
0.045 0.231 
F   5.747*** 2.229+ 1.968+ 7.119*** 
PerS-01: Regulation, PerS-02: Market, PreS-03: Internal factors, Pra-C01: Internal environmental 
management, PraC-02: Green procurement, PraC-03: Green distribution and reverse logistics, PraC-
04: Government involvement.  
+ p-value ˂0.10, * p-value ˂0.05, ** p-value ˂0.01, *** p-value ˂0.001 
 
Table 4.19 Regression results between green SCM performance and practices  
Independent 
Variables  
 Dependent Variables  
  PerF-01 PerF-02 
  Unstandardized 
Coefficients 
(beta) 
Multi-
collinearity 
Statistics  
 (VIF) 
beta VIF 
Firm size   0.152 1.585 0.306** 1.585 
Industry 
section  
 0.018 1.605 0.026 1.605 
PraC-01  0.015 1.501 0.058 1.501 
PraC-02  0.208+ 1.225 0.198+ 1.225 
PraC-03  0.184+ 1.247 0.038 1.247 
PraC-04  0.074 1.528 0.148 1.528 
      
Adjusted R 
square 
 0.077 0.112 
F  2.425* 3.141** 
PraC-01: Internal environmental management, PraC-02: Green procurement, PraC-03: Green 
distribution and reverse logistics, PraC-04: Government involvement, PerF-01: Environmental 
performance, PerF-02: Economic performance. 
+ p-value ˂0.10, * p-value ˂0.05, ** p-value ˂0.01, *** p-value ˂0.001 
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Table 4.20 Hypothesis description  
Hypothesis  Supported/Not supported Hypothesis Supported/Not supported 
H1a Supported  H2a Supported  
H1b Not supported  H2b Not supported  
H1c Not supported  H2c Not supported  
H1d Supported  H2d Supported  
H1e Supported H2e Supported 
H1f Supported   
H1g Supported   
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4.4 Findings and discussion  
The EFA was carried out by researcher to classify the factors of green SCM pressures/drivers, 
practices and performance. From Table 4.2-4.4, three factors on green SCM pressures/drivers 
were labelled as regulation, market, and internal factors; four factors on green SCM practices 
were labelled as internal environmental management, green procurement, Green distribution 
and reverse logistics, and government involvement; and two factors on green SCM 
performance were labelled as environmental performance and economic performance. In Table 
4.5-4.7, the further reliability statistics confirm the reliability of the three factors of green SCM 
pressures/drivers, four factors of green SCM practices and two factors of green SCM 
performance.  
The descriptive statistics indicate that the companies in Chinese construction industry have a 
variety of green SCM pressures and drivers that have impacts on the practices of green SCM. 
Each item listed in Table 4.7 can be regarded as the important items in the survey with mean 
values are all above 4.00 (agree) in the five-point Likert scale. ‘Market’ is regarded as the most 
important or effective pressure in adopting or implementing green SCM practice. The factors 
of ‘regulation’ (mean value is 4.28) and ‘internal factors’ (mean value is 4.26) are also 
considered as important pressures and drivers. The companies in Chinese construction industry 
have significantly initiated implementing the practices of green supply chain management in 
terms of internal environmental management, green procurement, green distribution and 
reverse logistics, and government involvement, as driven by the green SCM pressures/drivers. 
However, the practices have been implemented at the early starts and have not resulted in 
significant improvement in the green SCM performance in Chinese construction industry, both 
economically and environmentally.  
 
The green SCM pressures’ ANOVA outcomes indicate that as a composite factor, only 
‘regulation’ has statistically significant differences among three firm sizes. The ANOVA 
results for green SCM practices do not show any statistically significant difference across the 
enterprises size. And the ANOVA results for green SCM performance present that the 
composite factor of ‘economic performance’ has statistically significant differences among the 
firm sizes. Furthermore, the results of t-test show that the medium sized enterprises have the 
highest ‘regulation’ pressure (mean=4.40), significantly stronger than small sized enterprises. 
And large sized enterprises haves slightly stronger ‘regulation’ pressures than small sized 
enterprises. The t-test results also present the medium sized enterprise have the highest positive 
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‘economic performance’ (mean=3.41), significantly higher than small sized enterprises and 
large sized enterprises also have significantly higher positive ‘economic performance’ than 
small sized firms.  
Both results of ANOVA and t-tests for green SCM pressures indicate that ‘regulation’, ‘market’ 
are composite factors for both industry sectors, but the ‘internal factors’ have slight differences 
between two Chinese construction industry sectors in terms of construction sector and building 
material sector. The construction sector enterprises have significantly stronger ‘national 
(domestic) regulations’ pressure than building material sector companies. The construction 
sector enterprises have significantly stronger ‘green image’ pressures than building material 
sector companies. And the construction sector enterprises have significantly stronger 
‘environmental policy’ pressures than building material sector companies. The results for green 
SCM practices also show only the composite factor of ‘green procurement’ has statistically 
significant difference across the two different construction industry sectors, the practice of 
‘green procurement’ in building material sector are significantly stronger than in the 
construction sector companies. The item of ‘environmental requirement’ is significantly 
different between two industry sectors.  The construction sector enterprises have significantly 
stronger ‘environmental requirement’ practices than building material sector companies. There 
is not any statistically significant difference between two industry sectors in other composite 
green SCM practices including ‘internal environmental management’, ‘green distribution and 
reverse logistics’, and ‘government involvement’. Finally, both the composite factors of green 
SCM performance, such as ‘environmental performance’ and ‘economic performance’, do not 
have any statistically significant differences between two Chinese construction industry sectors. 
 
The correlation analysis results show that a significant relationship exists between ‘internal 
environmental management’ and ‘regulation’, a strong relationship exists between 
‘government involvement’ and ‘regulation’, and there is a clear relationship between 
‘government involvement’ and ‘market’. In contrast, ‘internal environmental management’ 
does not have significant correlations with ‘market’ and ‘internal factors’. ‘Green procurement’ 
does not have significant correlations with all factors of green SCM pressure in terms of 
regulation, market and internal factors. ‘Green distribution and reverse logistics’ does not have 
significant correlation with the factor of green SCM pressure such as regulation, market and 
internal factors. And ‘government involvement’ does not have significant correlation with 
‘internal factors’. In addition, the relationship between green SCM practices and green SCM 
performance in the sample of Chinese construction industry is portrayed in Table 4.17 with the 
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results of bivariate correlation using Pearson correlation coefficients. The result shows that a 
significant relationship between ‘environmental performance’ and ‘green procurement’, a 
strong relationship between ‘environmental performance’ and ‘green distribution and reverse 
logistics’, and a clear relationship between ‘environmental performance’ and ‘government 
involvement’. The result also presents that a significant relationship between ‘economic 
performance’ and ‘internal environmental management’, a strong relationship between 
‘economic performance’ and ‘green procurement’, and a clear relationship between ‘economic 
performance’ and ‘government involvement’. In contrast, ‘environmental performance’ does 
not have significant correlation with ‘internal environmental management’. And the ‘economic 
performance’ does not have significant correlation with ‘green distribution and reverse 
logistics’.  
In the regression models, each factor of the green SCM pressures/drivers, practices and 
performance were averaged from the underlying items of the measurement to form a single 
indicator factor. In Table 4.18, it shows that there is a clear and positive relationship between 
‘regulation’ and green SCM practices such as regulation has significantly positive influences 
on internal environmental management, green procurement and government involvement, and 
slightly positive influence on ‘green distribution and reverse logistics’. ‘market’ is likely to 
have no significant influences on most of green SCM practice in terms of internal management, 
green procurement and Green distribution and reverse logistics, however, has a significantly 
positive influence on ‘government involvement’. The ‘internal factors’ have slightly positive 
influences on ‘internal environmental management’ and ‘green distribution and reverse 
logistics’ but seem to not have any significant impacts on ‘green procurement’ and 
‘government involvement’. In addition, as the control variable, the firm size has a significantly 
negative impact on ‘government involvement’. In addition, it indicates that both ‘environmental 
performance’ and ‘economic performance’ seem to not have any significant relationships with 
each factor of green SCM practices such as internal management, green procurement, Green 
distribution and reverse logistics, and government involvement in Table 4. 19.. In particular, 
‘green procurement’ has slightly positive impacts on both ‘environmental performance’ and 
‘economic performance’. ‘Green distribution and reverse logistics’ has a slightly positive 
influence on ‘environmental performance’. In addition, as the control variable, firm size has a 
significantly positive impact on ‘economic performance’.  
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Chapter 5 Case Studies  
Case studies can generate holistic pictures of green SCM implementation. Multiple cases can 
increase external validity and help guard against observer bias. To gain enhanced depth and 
enhance insight into the causal relationship among factors obtained from the empirical studies, 
two case studies were conducted. Case one was with a Chinese building material manufacturer, 
Shandong Jinxiang Aluminium Corporation (SJAC), and the other one was with a Chinese real 
estate developer, Shandong Jinsheng Corporation (SJSC). To explore and identify best 
practices and gaps of green SCM practices and deliver grounded recommendations for future 
practices in Chinese construction industry, two further case studies were constructed on two 
British sustainable buildings. 
5.1 Green supply chain management practices in Chinese construction sector  
5.1.1 Case study 1: Shandong Jinxiang Aluminium Corporation  
SJAC is the third largest producer of aluminium extrusion in China with corporate headquarters 
in Linyi, Shandong. This company was established in 1999, specializing in the production of 
architectural aluminium doors and windows, aluminium curtain walls and other industrial 
aluminium. SJAC has two aluminium extrusion production bases, covering an area of 420,000 
square meters, and hires more than 2,600 employees. The company produces 550,000 square 
meters of aluminium across more than 400 types of products, and has an annual turnover of 4 
billion RMB. The company is certified by ISO9001 international quality management system, 
ISO14000 environmental management, and ‘Advanced Private Enterprise in Shandong 
Province’.  
 
5.1.1.1 Green SCM drivers/pressures in Shandong Jinxiang Aluminium Corporation  
• Laws, regulations and polies  
Traditionally, building material manufacturers produce heavy pollutions in China, therefore, a 
number of laws and regulations were enacted. It requires all building material manufacturers 
to meet the social and environmental standards, such as air emissions below specified standards, 
using clear energy and improving environmental performance. SJAC is required to meet the 
following national environmental laws and regulations: 
o  Act of the People’s Republic of China on Environmental Protection (1989),  
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o Act of the People’s Republic of China on Environmental Impact Assessment (2003),  
o Act of the People’s Republic of China on the Prevention and Control of Atmospheric 
Pollution (2000),  
o Act of the People’s Republic of China on the Prevention and Control of Water Pollution 
(2008),  
o Act of the People’s Republic of China on the Prevention and Control of Pollution from 
Environmental Noise (1997),  
o Act of the People’s Republic of China on the Prevention and Control of Environmental 
Pollution by Solid Waste (2005),  
o Cleaner Production Promotion Act of the People’s Republic of China (2012),  
o Act of the People’s Republic of China on Water and Soil Conservation (2010),  
o Regulation of the Administration of Construction Project Environmental Protection 
(1998),  
o Notice of the State Council Approved the Issue of Acid Rain Control Zones and Sulphur 
Dioxide Pollution Control Zones (1998/5),  
o Notice of the General Office of State Council, National Development and Reform 
Commission and Other Departments to Forward Notifications on Accelerating the 
Implementation of Cleaner Production (2003/100),  
o Guiding Catalogue of Industrial Structure Adjustment (2011),  
o Decision of the State Council on the Implementation of the Scientific Concept of 
Development to Strengthen Environmental Protection (2005/39),   
o Notice on Regulating Consulting Fees Related to environmental impact issues 
(2002/125),  
o Notice on Strengthening water conservation (2000/1015),  
o Construction Project Environmental Impact Assessment Classification Catalogue 
(2008),  
o Advices on the Implementation of Act of Clean Production Promotion of People’s 
Republic of China (2003/60),  
o Regulations on the Control over Safety of Dangerous Chemicals. 
In addition, SJAC must meet following provincial environmental regulations:  
o Procedures of Shandong Province for Implementing Act of the People’s Republic of 
China on Environmental Impact Assessment (2006),  
o Environmental Regulations, Shandong Province (2001),  
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o Shandong Province Environmental Protection “11th Five Year Plan” (2006/82),  
o Notice of the General Office of the People’s Government of Shandong Province on 
Further Strengthening Environmental Impact Assessment and Construction Project 
Environmental Protection (2006/60),  
o Advice of Environmental Protection Bureau of Shandong on Strengthening 
Environmental Impact Assessment (2007/31),  
o Ecological Environment Construction and Protection Plan, Shandong Province (2003),  
o Ecological Environment Construction Plan, Shandong Province (2003),  
o Decision of State Council on the Implementation of Scientific Development Concept 
and Strengthening Environmental Protection (2005/39),  
o Advice of the People’s Government of Shandong Province on Further Implementing 
the Decision of State Council on the Implementation of Scientific Development 
Concept and Strengthening Environmental Protection (2006/72),  
o Notice of the People’s Government of Shandong Province on Further Strengthening 
Implementation of City Water Saving (2007/4),  
o Notice of the People’s Government of Shandong Province on Implementation of 
Energy Conservation and Emission Reduction (2007/39),  
o Notice of the People’s Government of Shandong Province on Pilot Test of Cyclic 
Economy (2007/8).  
These environmental laws and regulations have imposed pressures for SJAC to implement and 
improve its green SCM practices. The recent green agendas of government have also forced 
SJAC eliminate backward production capacity expanded from 5,000 t/a TO 50,000 t/a and part 
of the capacity is established as a reverse logistic system that considers environmental effects 
in the whole product life cycle and enables the company to actively be engaged in recycling 
the end-of-life products from its customers. In addition to reduce waste and impacts on 
environment, the reverse logistics system offers a way to SJAC to reuse raw materials retrieved 
from returned products therefore save the cost. As a supplier, SJAC exports its products to U.S 
and Europe, which requires company to meet international environmental regulations, such as 
F019 Final Rule released by United States Environmental Protection Agency, and Regulation 
(EC) No.66/2010 of the European Parliament and of the Council. The environmental 
requirements from domestic and international regulatory bodies impose immense challenges 
on SJAC, but they also force the company to build competency in environmental dimension, 
and consequently improve and maintain its environmentally sound image.  
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• Pressures from market  
SJAC has experienced motivational pressures and drivers from their domestic and foreign 
customers. The products exported to foreign market need to fulfil various environmental 
requirements, including reduced environmental impacts during the whole product life cycle, 
reduced negative impacts on consumption of the natural resources, reduced impacts on climate, 
health and environment.  
To obtain factual and accurate information on the environmental impacts of the products and 
associated production processes, customers request visiting the plants of the company, 
observing the operations and evaluating the working environment of the employees. 
Furthermore, major requirements are made from customers in designing and developing 
products, including product functionalities, quality, reliability, durability and sources of raw 
materials. SJAC invested in the environmental friendly production line which reduces carbon 
emission by 28% and pollution to zero, which lead to an improved environmental image and a 
higher market share. The customers’ expectations on company’s environmental image have 
driven SJAC to initiate and implement green SCM practices.  
• Internal Factors-Corporate Social Responsibility  
Corporate Social Responsibility (CSR) has also been integrated into SJAC’s business model. 
As part of CSR strategy, SJAC is committed to build sound green image, and has taken 
liabilities for responsible disposal hazardous materials by the ISO9001-2008 international 
quality management system certification and ISO14000-2004 environment system certification 
have paved the way for SJAC to establish a sound green image. The general managers Zhaoli 
Jiang of SJAC emphasised that the company has strived improve its CSR performance. SJAC 
develops source reduction strategies (Marien, 1998) in the hierarchy of 3R, i.e., reduce, reuse, 
recycle; and makes continuous improvement in reducing noise, water, air and solid waste 
pollution from their premises.  
In summary, green SCM pressures and drivers, including regulations, market and internal 
factors such as CSR, drive SJAC to initiate and implement green SCM practices.  
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5.1.1.2 Green SCM practices in Shandong Jinxiang Aluminium Corporation  
As a pioneer in Chinese building materials manufacturing industry, SJAC has initiated multiple 
dimensions of green SCM practices, including internal environment management, green 
procurement, green distribution and reverse logistics, and government involvement.  
• Internal Environmental Management  
Senior managers in SJAC put forward the green SCM practices of setting up green image of 
the company and integrating CSR policy into its business model. Designing and producing 
environmental friendly products is one key dimensions of green SCM practices for SJAC to 
gain and maintain its competitiveness. Aluminium products produced by SJAC are evaluated 
to be reliable and durable, offer dynamic functions, and have low energy consumption and 
carbon emissions. Since 2010, SJAC has invested about 10 million RMB to maintain and 
enhance the green image. SJAC purchased equipment from Japan, Italy and Switzerland to 
eliminate noise, purify emission, and treat water and solid waste responsibility. SJAC has 
completed a project for water and solid waste treatment through the inter-department 
cooperation, which is very important in Linyi which is a city suffering from heavy water and 
solid waste pollution. In addition, a system is purchased to monitor, evaluate and manage the 
production process to meet domestic, Japanese, U.S and EU environmental standards.  
Certifications by ISO9001 and ISO14001 facilitate SJAC to meet the requirements of 
customers, minimize negative impacts on the environment, and comply with regulatory and 
statutory environmental requirements. Such certifications also help SJAC enter the global 
market, and improve quality of the product to meet the international standards. Environmental 
issues are the main concerns for SJAC during its product design, development and 
manufacturing. To address these concerns, SJAC has implemented cleaner production practices 
by closely cooperating with research institutes such as Shandong University, focusing on eco-
design of products, waste prevention and source reduction.   
Green manufacturing process is also developed by SJAC, to achieve production efficiency, 
reduce environmental and occupational safety expenses, and lower raw material costs. Green 
manufacturing practices encompass following:  
o 3Rs: reduce, reuse and recycle materials such as aluminium, nickel, magnesium, 
silicon, hydrogen nitrate, sulphuric acid, coal and water;  
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o Energy efficient technology: 1) design product for using fewer resources, 2) 
improve equipment uptime, 3) increase product life span leading to higher 
productivity and efficiency, 4) reduce energy consumption;    
o Hazardous substance control: 1) quality control and recheck before processing, 2) 
rinse parts with using reuse water instead of chemicals.  
 
• Green procurement  
SJAC collects the environmental information and sets up the database on environmental 
situations of the materials and components related to suppliers. JSAC believes green purchase 
is a concept of acquiring the selection of resources that minimizes negative environmental 
impacts, and a solution for both economically conservative ad environmentally concerned 
business. The supplier is assessed by SJAC to ensure they meet various environmental 
requirements and can supply environmental friendly materials continually. Green purchase 
practices adopted by SJAC include:  
o Green supplier selection: SJAC select suppliers who meet environmental requirements 
and control hazardous resources responsibly; 
o ISO 14000: SJAC prioritises suppliers who acquire ISO 14000 international 
environmental management certification or other environmental directives;  
o Environmental requirement: SJAC purchase materials or parts that meet environmental 
quality standards or pass the audit process following environment-related regulations.  
 
• Green Distribution and Reverse Logistics  
Green distribution of SJAC consists of green packaging and green logistics, both of which are 
outsourced to achieve Just-in-time (JIT) production and require monitoring for the economic 
and environmental performance. The findings in green distribution practices include:  
o Green Packaging: 1) promote reuse and recycle package, 2) encourage and adopt 
returnable packaging methods, 3) standardize packaging, 4) downsizing packaging;  
o Green transportation: 1) distribute products together rather than in smaller batches, 2) 
optimise routing and minimise mileage to be travelled.  
Practices of JSAC’s reverse logistics include waste collection, disposal and reprocessing. The 
findings of JSAC’s practices of reverse logistics include:  
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o Waste collection: SJAC initially inspects, selects and sorts the used parts which are 
shipped to recycle plants; 
o Waste treatment: Water waste and solid waste are treated by Liuqing River Final 
Treatment/ Landfill Company using secure solidification and stabilization systems; 
o Recycle Plants: SJAC owns a recycling plant that collects used parts from customers or 
manufacturing plants, and recycle metals such as aluminium, nickel, magnesium and 
silicon.  
 
• Government Involvement  
Government is involved with SJAC’s green SCM practices as a facilitator, enabler and 
instructor. Government’s involvement facilitates maximising the performance improvement 
resulted from the implemented green SCM practices, as evidence in the reduced toxic releases 
to the environment, and more effective use of renewable resources. The local government helps 
building materials manufacturers develop and implement ‘Design for Energy Saving’ scheme, 
which aims to reduce the energy consumption in the company. SJAC has also benefited from 
the technical assistances offered by government, such as workshops for energy conservations 
and minimising wastes generated from production. Furthermore, ‘End-of-life’ is also 
considered by the government that focuses on eco-design. The government has encouraged and 
fostered collaborations between research institutions and JSAC to investigate the ways of 
maximising the use of end-of-life products, including potential for materials retrieval, energy 
recovery, high recyclability, re-manufacturability and reusability. Through the coordination 
and cooperation of government, SJAC has developed innovative products that be reprocessed 
for raw materials, and achieve resource efficiency. The innovative design also eliminates the 
production of hazardous materials such as hydrogen nitrate and sulphuric acid.  
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Figure 5.1 Green SCM practices of Shandong Jinxiang Aluminium Corporation  
 
 
5.1.1.3 Green SCM performance in Shandong Jinxiang Aluminium Corporation  
SJAC’s green SCM practices have improved both environmental and economic performances, 
which have been recognised through various awards and initiatives achieved. In specific, the 
production capacity has expanded from 5,000 t/a to 50,000 t/a. However, the consumption of 
hazardous materials such as sodium hydroxide and ammonium acid fluoride have significantly 
reduced (Table 5.1). The consumption of water and coal fuel is also decreased clearly. On the 
other hand, there is a clear increase of the consumption of clean energy such as gas and steam 
that are from 100,000 M3/a to 1,3500,000 M3/a, and from 0 t/d to 6.6 t/d (Table 5.1). 
furthermore, the air emission has reduced obviously, for examples, sulphur dioxide decreases 
from 2.6786 t/a to 0.251 t/a, smoke/dust decreases from 15.445 t/a to 2.4088 t/a, nitric acid fog 
decreases from 0.113 t/a to 0.013 t/a, sulphuric acid fog decreases from 3.3 t/a to 0.46 t/a, 
chromic acid fog decreases from 0.013 t/a to 0.0014 t/a, and hydrofluoric acid fog decreases 
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from 0.25 t/a to 0.058 t/a (Table 5.2). Additionally, the production of solid and water waste 
reduced obviously, and SJAC has achieved ‘Zero Waste Discharge’ for solid waste, hazardous 
solid waste and water waste (Table 5.3)  
The environmental performance improvement has been recognized as an ‘Environmental 
Protection Model Company’ by Shandong province government. SJAC has also been 
nominated as ‘The Branded Enterprise in Shandong Province’, and received awards for ‘The 
Branded Trademark in Shandong Province’, ‘High-tech Private Enterprise’ and ‘Advanced 
Private Enterprise in Shandong Province’ by local and province government. Its products are 
awarded as ‘Shandong Energy Efficient and High-Performance Product’ and ‘Shandong 
Branded Product’. Such awards have greatly improved both environmental and economic 
image of SJAC and enlarge its market share in China, Australia, Southeast Asia, Europe and 
North America.  
According to Environmental Impact Report on SJAC (2011), the company’s products and 
production meet requirements of carbon emission standards, cleaner production standards, and 
solid waste standards. As of Water Waste Assessment Report on SJAC (2011) and 
Environmental Assessment Report on SJAC (2012), its products meet water waste standard 
and safety of dangerous chemicals standard. SJAC has achieved ‘Zero Waste Discharge’ for 
water, solid, and toxic substances. Although there is no factual financial data indicating how 
the green SCM practice implementations contribute to market share increment and associated 
positive economic performance, it is fair to say that without meeting certain environmental 
requirements in its products and production SJAC probably have lost in the competition with 
competitors.  
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Table 5.1 SJAC’s consumption of materials and energy 
 Ton per Annum (t/a) 
Ton per Day (t/d) 
Kwh per Annum (Kwh/a) 
m³ Per Annum (m³/a) 
Before 2011  From 2012  
Production Capacity  t/a  5,000 50,000 
    
Materials    
Aluminium t/a 4,990 49,900 
Silicon t/a 25 250 
Magnesium t/a 35 350 
Refining Agent (20% Carnallite, 
20% Calcium fluoride)  
t/a 2.67 26.67 
Covering agent (25% 
Polycrystalline silicon, 30% 
Sodium Chloride, 45% Potassium 
chloride) 
t/a 2.67 26.67 
Dregs Remover (30% 
Polycrystalline silicon, 20% 
Sodium Chloride, 30% Potassium 
chloride) 
t/a 2.67 26.67 
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Water t/a 227.6* 850* 
    
Hazardous Materials    
Sulphuric Acid (98%)  t/a 250 2,500 
Nitric Acid  t/a 0.5 5 
Hydrofluoric Acid  t/a 0.833 8.33 
Phosphoric Acid  t/a 1.666 16.66 
Nickelous Sulfate  t/a 4 40 
Nickel Difluoride  t/a 2.5 25 
Chromium Trioxide  t/a 10 100 
acrylic Resin  t/a 416 4,160 
Sodium Hydroxide t/a 45* 40* 
Ammonium Acid Fluoride   t/a 4.0* 0* 
    
Energy    
Electricity 10,000 Kwh/a 485 4850 
Gas 10,000 m³ /a 10* 135 
Coal Fuel t/a 1174.8* 868 
Steam t/d  0* 6.0* 
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Table 5.2 SJAC’s air emission  
 Ton per Annum (t/a)   
  Before 2011 From 2012 
Production Capacity  t/a 5,000 50,000 
    
Sulphur Dioxide  t/a 2.6786* 0.251* 
Smoke/ Dust  t/a 15.445* 2.4088* 
Nitric Acid Fog t/a 0.113* 0.013* 
Sulphuric Acid Fog t/a 3.3* 0.46* 
Chromic Acid Fog t/a 0.013* 0.0014* 
Hydrofluoric Acid Fog t/a 0.25* 0.058* 
Nitrogen Oxides t/a No record  0.5271 
Fluoride t/a No record  0.0286 
Non-methane Hydrocarbon t/a No record  0.0228 
 
Table 5.3 SJAC’s solid and water waste  
 Ton per Annum (t/a) 
m³ per day (m³/d) 
Before 2011 From 2012  
Production Capacity  t/a  5,000 50,000 
  Production  Discharge  Production  Discharge  
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Solid Waste t/a 877.68* 0 5,122.85* 0 
Hazardous Solid 
Waste 
t/a 3.9 0 38.8 0 
Water Waste m³ /d 178* 0 623.9* 0 
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5.1.2 Case study 2: Shandong Jinsheng (Group) Corporation  
SJSC is one of the top 500 private enterprises in China, was founded in 1993 and headquartered 
in Linyi, Shandong Province, China. The company operates in three major sectors, including 
real estate development, copper smelting production, and financial guarantee.  SJSC has more 
than 860 employees, annual turnover of over 12 billion RMB. In 2014, the sector of real estate 
development had annual revenues of 1.3 billion RMB (10.4%), the sector smelting production 
had annual revenues of 10 billion RMB (80%), and the sector of financial guarantee has annual 
revenues of 1.2 billion RMB (9.6%). The company is certified by ISO9001 international quality 
management system, ISO 14000 environmental management, and is awarded ‘AAA Credit 
Rating Enterprise’ by Agricultural Bank of China.  
 
5.1.2.1 Green SCM drivers/ Pressures in Shandong Jinsheng Corporation  
• Laws, regulations and polices  
Similar as building material manufacturer SJAC, real estate developers are also the traditional 
heavy polluter in China. According to statistics, construction waste accounts for 30% to 40% 
of the total urban waste in China (He and Su, 2011).   Similar as the building material 
manufacturing sector, real estate developers also need to abide environmentally related laws 
and regulations that require them to meet the environmental standards, including saving energy, 
using cleaner energy and enhancing environmental management. As a real estate provider, 
SJSC is required to meet the flowing national environmental laws and regulations:  
o Act of the People’s Republic of China on the Prevention and Control of Environmental 
Pollution by Solid Waste (2005),  
o Act of the People’s Republic of China on of Environmental Protection (1989),  
o Regulation of the Administration of City Appearance and Environmental Sanitation 
(1992/101),  
o Regulation of Administration of Urban Construction Garbage (2007),  
o Cleaner Production Promotion Act of the People’s Republic of China (2012),  
o Green Building Action Plan (2013/1),  
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o Notice of the State Council for the 12th Five years plan of Energy Conservation 
(2011/26),  
o Notice of Ministry of Commerce, Ministry of Public Security, Ministry of Construction, 
Ministry of Transportation about Administration of Mixed Concrete in Urban Area 
(2003/341),  
o Notice of Ministry of Commerce, Ministry of Public Security, Ministry of Public 
Security, Ministry of construction, Ministry of Transportation, General Administration 
of Quality Supervision, Inspection and Quarantine, Environmental Protection Bureau 
about Administration of Mixed Concrete in Urban Area (2007/205), 
o Notice of Ministry of Commerce, Ministry of Housing and Urban-Rural Development 
about Administration of Mixed Concrete in Urban Area (2009/361).  
In addition, SJSC should also meet the following provincial and local environmental 
regulations:  
o ‘12th Five Year Plan’ of Building Energy Efficiency of Linyi,  
o Ready-mixed Mortar Planning of Linyi (2014-2018),  
o Regulation of the Bulk Cement Development of Shandong Province (2011/219),  
o Notice of the General Office of the People’s Government of Shandong Province 
about Administration of Mixed Mortar and in Urban Area and popularisation of 
Bulk Cement in Rural Area (2009/149),  
o City Planning of Linyi 2005-2020,  
o Construction Planning 2011-2015,  
o Procedure of Administration of Ready-mixed Mortar of Linyi 2014-2018,  
o Regulation of Green Construction in Linyi (2009),  
o Procedure of Green Building Implementation in Linyi (2013) 
o Regulation of Building Energy Conservation of Shandong Province (2013),  
SJSC has implemented and improved its green SCM practices that are required by the 
environmental laws and regulations. The green SCM practices are also driven by the financial 
support from local government, for example, Linyi Government has released the ‘Financial 
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Incentives for Green Building and Green Eco-city’ in 2015. The financial incentives from local 
government and legal requirements have driven SJSC to improve and maintain its 
environmental sound image.   
 
• Pressures from market  
Customers’ requirements or expectation on energy efficient buildings were also seen as 
pressures or drivers that motivate SJSC to implement environmental practices. Customers call 
for a synergistic and integrated design in retrofitting of existing construction and to new 
structures that can ultimately eliminate and reduce the impacts of building on the human health 
and environment, for example, having plants in the rain gardens, building green roofs, reducing 
rainwater run-off, and using sunlight through photovoltaic equipment including active and 
passive solar. Furthermore, customers expect use energy-efficient building materials such as 
permeable concrete or packed gravel, and other low-impact building materials rather than 
conventional asphalt or concrete. To meet the expectations from real estate developers like 
SJSC need to have a thorough knowledge on energy efficient buildings in terms of design and 
construction, and the workforce need to be comprehensive and contemporary skills for waste 
and toxics reduction, indoor environmental quality, materials and energy efficiency, operation 
and maintenance optimisation.  
 
• Internal Factors-Corporate Social Responsibility 
Similar as building materials manufacturers, CSR has been integrated into real estate 
developers’ business model. As part of CSR strategy, SJSC is committed to reduce the 
environmental impact of building, take advantage of renewable resources, and set up its 
environmentally sound image. ISO14000 environmental system certification and ISO9001 
international quality management system certification have been embedded into the SJSC’s 
environmental strategy, and are followed strictly to develop the environmental sound image. 
SJSC integrates the life-cycle of construction into the environmental strategy, by considering 
the pollution and waste produced, and energy consumed by raw materials which are used at 
different stages of the construction supply chain.  
In summary, SJSC has implemented a range of green SCM practices, which are motivated by 
domestic environmental laws and regulations, customers’ environmental requirements, and its 
internal factors such as CSR.  
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5.1.2.2 Green SCM practices in Shandong Jinsheng Corporation  
As an outstanding private enterprise in Chinese real estate developer, SJSC takes the lead in 
initiating and implementing green SCM practices to improve its corporate image, and these 
practices are internal environmental management, green procurement, green distribution and 
reverse logistics, and government involvement.  
• Internal Environmental Management  
Environmental implications of construction practices are considered by the management team 
of SJSC because of pressures from markets and regulatory bodies, non-availability and 
increased costs of building materials, and increasing statutory requirements. Construction is 
much more complex process than manufacturing. SJSC employs advanced technologies and 
practices in constructing green buildings to reduce waste reduction, enhance indoor 
environmental quality, and improve materials efficiency, water efficiency and energy 
efficiency.  
This company seeks to reduce waste of materials, water and energy during construction. For 
example, one goal of SJSC is to reduce the amount of materials such as timber going to landfills.  
SJSC collaborates with other companies to reduce the impacts on the water system, for example, 
they have worked with a car wash company to reuse the wastewater to wash cars. In the green 
buildings, wastewater is recycled and reused to flush toilet and for irrigation. Another recycling 
approach is to feed wastewater into the centralised wastewater treatment system which can 
produce artificial fertilizer using the wastewater. An increasing complex assessment method 
such as Life Cycle Assessment (LCA), which considers several factors of a product, such as 
waste, water pollution, air pollution, resource use and embodied energy, is implemented to 
assess a full range of implications of SJSC’s activities.  
SJSC provides optional designs to its customers to build up a high performance luminous 
environment through the integration of air flow control, exterior wall external insulation system, 
electronic light and day light sources, which can aid in increasing thermal quality, lighting 
quality, and energy performance of building.  The high-performing and cost-effective building 
materials and renewable resources have been adopted by SJSC in its construction projects, 
including the permeable concrete, packed gravel, passive or active solar, and photovoltaic 
equipment. To control the indoor air quality, SJSC takes account into the integration of 
adequate ventilation, well-insulated and tightly sealed construct when they design buildings. 
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SJSC also requests its contractors to use recycled industrial productions, including demolition 
debris, foundry sand, and coal combustion products in construction projects.  
 
• Green Procurement  
Buildings are much more complex products that are composed by a multitude of materials, 
resources and components.  SJSC implemented the green procurement, of which the first stage 
is a LCA of the environmental impacts for product or material SJSC would like to purchase. 
Once the assessment is done and the pollution level of the product is acceptable, the second 
stage of the green procurement policy requires the procurement team to consider material 
efficiency, waste to be produced and cost. In addition, green procurement activities of SJSC 
encompass following:  
o Green Supplier selection: an external body verifies information submitted by SJSC’s 
suppliers who implement 3Rs (reducing, recycling and reusing) and hazardous 
chemicals control and obtain green certificate achievements.  
o ISO14000: 1) SJSC has implemented an ISO14000 Environmental Management 
System since 2000, which requires the development of SJSC’s green procurement 
policy. 2) SJSC consider suppliers who acquire ISO14000 certification.  
o Environmental requirement: SJSC purchases building materials, components and 
equipment with environmental quality standards or passing the audit process following 
environment-related regulations.    
o Green procurement process: 1) paperless order, 2) recycle and reuse paper and plastic 
box.  
 
• Green Distribution and Reverse Logistics  
The practices of SJSC’s green distribution involves green packaging and green transportation 
that increase space utilisation and lower materials usage and the amount of handling required. 
Green distribution practices adopted by SJSC include:  
o Green packaging: 1) standardise and downsize packaging; 2) encourage reusable 
packaging methods; 3) innovate 3R’s programs.  
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o Green transportation: 1) give priority to local suppliers when ordering building 
materials, components and equipment; 2) direct delivery; 3) energy effective vehicles 
is a prime consideration.  
The SJSC’s reverse logistics activities are related to the reuse and recycle of its building 
materials. The findings in SJSC’s reverse logistics practices include:  
o Final treatment: the construction waste is treated by landfill companies who have 
industrial waste treatment and disposal systems.  
o 3Rs during construction: 1) reduce indirect materials; 2) recycle excess inventory and 
materials; 3) promote reuse of parts.  
o Techniques utilization: eco-design considers potential returnable construction 
components.  
 
• Government Involvement  
Government involvement is necessary due to real estate providers are unwilling to implement 
green SCM practices because of their difficulty in quantifying environmental costs, lack of 
knowledge, and perception of limited benefits and additional costs (Foo, 1997). The SJSC’s 
compliance with government involvement can be facilitated, and uncertainties and risks 
reduced. However, home/building energy efficiency has become a national infrastructure 
priority in China, local governments organise workshops and offer guidelines and framework 
for implementing green SCM practices and suggest measures to be taken. The national and 
provincial governments provide leadership by increasing awareness of environmental 
protection, such as encouraging companies utilize ISO 14000 environmental Management 
System, adopting effective materials management, and suggesting building should be designed 
and constructed with the environmental considerations. Local governments also offer financial 
incentives to develop building assessment system, encourage innovative techniques, enhance 
environmental awareness, and popularize knowledge on green buildings. Through cooperation 
with local governments, SJSC has moved its focus from end-of-pipe pollution clean-up to 
environmental prevention through waste minimization and cleaner production; from costs and 
uncertainties of green SCM implementation to greatly accountable and transparent production. 
SJSC has perceived green SCM implementation as a CSR and business opportunity to enhance 
its competitive advantage and improve its corporate image.   
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Figure 5.2 Green SCM practices of Shandong Jinsheng Corporation  
 
5.1.2.3 Green SCM performance in Shandong Jinsheng Corporation 
SJSC has improved both environmental and economic performance through green SCM 
practices. Jinglian Wang, the President of SJSC (2015) says ‘real estate sector of SJSC has 
gained economic benefits, including avoidance of regulatory penalties, more competitive 
productions, green image, awards, expanded market share and increased revenues through 
environmental sustainability actions’. Furthermore, according to the SJSC Energy Efficiency 
of Residential Buildings Assessment Reports (2006-2014), the shape coefficient of building, 
overall heat transfer coefficient of building envelops, shading coefficient of window (East and 
West), and heating loss index of building have reduced markedly (Table 5.4-5.8), and there is 
an evident increase of the efficiency of boiler (Table, 5.9) which indicates a significant 
improvement of energy efficiency of buildings.  
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The environmental and economic performance improvement is also supported through awards 
and financial incentives achieved, which greatly improve SJSC’s corporate image and enlarge 
its market. According to the Annual Report of SJSC (2014), the annual turnover of the sector 
of real estate development of SJSC has increased from 0.34 billion RMB in 2007 to about 1.3 
billion RMB at the end of 2014. Compared to the building constructed before 2012, the energy 
consumption of residential buildings has reduced 65% based on the ‘Residential Building 
Energy Efficiency Design Standards of Shandong Province DBJ14-037-2012’. The 
environmental performance has obtained SJSC the award of ‘Environment-friendly Enterprise 
of Shandong Province’, ‘Outstanding Contribution to Energy efficiency in Shandong Province’, 
and ‘Sustainable Development Model of Shandong Province’. Such awards have greatly 
improved environmental and economic image of SJSC. SJSC will continue to perform both 
environmental and economic performance with increasing green SCM practices.  
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Table 5.4 SJSC’s Shape Coefficient of Building 
≤3 Floors Building  4-6 Floors Building  7-8 Floors Building  9-13 Floors Building  ≥14 Floors Building  
2006-2012 From 2013 2006-2012 From 2013 2006-2012 From 2013 2006-2012 From 2013 2006-2012 From 2013 
0.40 0.52 0.35* 0.33* 0.35* 0.33* 0.30 0.30 0.30* 0.26* 
 
Table 5.5 SJSC’s Area Ratio of Window to Wall  
 2006-2012 From 2013 
North 0.30 0.30 
East and West 0.35 0.35 
South 0.50 0.50 
 
Table 5.6 SJSC’s Overall Heat Transfer Coefficient of Building Envelop  
  Heat Transfer Coefficient W/·K 
  ≤3 Floors Building 4-8 Floors Building ≥9 Floors Building 
  2006-2012 From 2013 2006-2012 From 2013 2006-2012 From 2013 
Roof  0.45* 0.35* 0.55* 0.45* 0.55* 0.45* 
Wall  0.50* 0.45* 0.63* 0.60* 0.63 0.70 
Floor  External  0.50* 0.45* 0.65* 0.60* 0.65* 0.60* 
Internal  0.50 0.50 0.65 0.65 0.65 0.65 
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Door  1.7 1.7 1.7 1.7 1.7 1.7 
Window  Cq≤0.2 2.8 2.8 2.8 3.1 2.8 3.1 
0.2≤Cq≤0.3 2.8* 2.5* 2.8 2.8 2.8 2.8 
0.3≤Cq≤0.4 2.8* 2.0* 2.8* 2.5* 2.8* 2.5* 
0.4≤Cq≤0.5 2.8* 1.8* 2.8* 2.0* 2.8* 2.3* 
Wall (between Heating and Non-
heating) 
1.7* 1.5* 1.7* 1.5* 1.7* 1.5* 
Door (between Heating and Non-
heating) 
2.0 2.0 2.0 2.0 2.0 2.0 
 
Table 5.7 SJSC’s Shading Coefficient (SC) of Window (East and West) 
Area Ratio of Window to Wall (Cq) Shading Coefficient 
 2006-2012 From 2013 
0.3<Cq≤0.4 0.90* 0.45* 
0.4<Cq≤0.45 0.90* 0.45* 
 
Table 5.8 SJSC’s Heat Loss Index of Building 
Heat Loss Index (W/) 
≤3 Floors Building  4-8 Floors Building  9-13 Floors Building  ≥14 Floors Building  
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2006-2012 From 2013 2006-2012 From 2013 2006-2012 From 2013 2006-2012 From 2013 
14.14 14.2 14.14* 13.2* 14.14* 11.7* 14.14* 10.5* 
 
Table 5.9 SJSC’s Efficiency of Boiler  
    Efficiency of Boiler (%) 
Boiler Capacity (MW) 0.7 1.4 2.8 4.2 7.0 14.0 >28.0 
   2006-
2012 
From 
2013 
2006-
2012 
From 
2013 
2006-
2012 
From 
2013 
2006-
2012 
From 
2013 
2006-
2012 
From 
2013 
2006-
2012 
From 
2013 
2006-
2012 
From 
2013 
Fuel Coal  II \ \ \ \ 78 73 78 74 78 78 78* 79* 78* 80* 
III \ \ \ \ 78 74 78 76 78 78 78* 80* 78* 80* 
Fuel Gas and Oil  89 86 89 87 89 87 89 88 89 89 89* 90* 89* 90* 
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5.2 Green supply chain practices in British construction sector  
5.2.1 Case Study 3: Sustainable building using cooked oil to generate electricity  
Case study 3 is about a building constructed for a consultancy company in London. The 
environmental requirements imposed by the UK Building Research Establishment 
Environmental Assessment Methodology (BREEAM) require the design of the building to be 
compliant with the Building Regulation (2006), and to achieve a 22% reduction in carbon 
emission. To be compliant with Zero-carbon Standards (2006), the design company adopted a 
few innovative approaches to reduce the energy consumptions, for example, using cooked oil 
to generate electricity, which reduces energy used by 18%; using shared open plan office which 
reduces the total capacity needed and, the building materials needed. The consultancy company, 
as the owner of the building, aims to establish their green corporate image by using it as their 
main office, therefore, the consultancy company had an active involvement in the building 
design and construction. Under the guidance from BREEAM, and following the requirements 
from the consultancy company, the construction company sources more environmentally 
friendly materials from suppliers that are certified by ISO14000. They also established strong 
collaborative relationships with the design company, to ensure construction meets the design 
standards and requirements.  
 
5.2.1.1 Green SCM drivers/pressures 
The drivers for achieving the high-level sustainability are identified as: 
• RegulationBuilding Regulation (2006); Zero-carbon Standards (2006); Display Energy 
Certificate (2008) 
• Market: stakeholder’s pressure; customer expectation 
• Internal factors: green image.  
 
5.2.1.2 Green SCM practices 
The high-level sustainability of the building is mainly achieved as a result of the following 
green SCM practices:  
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• Environmental Management  
The management team of the consultancy company integrates CSR policy to put forward the 
green SCM practices. Close communication with project team, facade engineers, building 
engineers, architects, BREEAM assessor and building users to develop the design that can 
deliver operational carbon savings. Management is based on the effective use of resources that 
are monitored to improve energy efficiency and reduce carbon emission on the regular basis.  
For example, water consumption is monitored for all building users on monthly basis which is 
in place to save water and money.  
 
• Green Procurement  
The green procurement policy requires the procurement team to consider material efficiency, 
waste to be produced and cost. In addition, green procurement activities including:  
o Green Supplier selection: 1) an external body verifies information submitted by 
suppliers who implement 3Rs (reducing, recycling and reusing) and obtain green 
certificate achievements; 2) second-tier suppliers’ environmental assessment.  
o ISO 14000: suppliers who acquire ISO 14000 certification or other environmental 
directives;  
o Environmental requirement:  building materials, components and equipment should be 
with environmental quality standards or passing the audit process following building 
regulations.    
o Green procurement process:  paperless order.  
 
• Green Distribution and Reverse Logistics  
The practices of green distribution involve green packaging and green transportation that 
includes a number of practices as following:  
o Green packaging: 1) standardise and downsize packaging; 2) encourage recycle 
packaging methods; 3) innovate 3R’s programs.  
o Green transportation: 1) give priority to local suppliers; 2) direct delivery; 3) energy 
effective vehicles is a prime consideration.  
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The reverse logistics activities are related to the reuse and recycle of its building materials, 
including:  
o 3Rs during construction: 1) reduce indirect materials; 2) recycle excess inventory and 
materials; 3) promote reuse of parts.  
o Techniques utilization: eco-design considers potential returnable construction 
components and building maintenance.   
 
• Government Involvement  
The environment can be damaged by buildings with inefficient energy use. The UK 
government has deployed an array of policies to reduce building energy consumption and 
improve building energy efficiency. For example, the UK government tightens the 
requirements of energy efficiency within the Building Regulation (2006) to limit on Thermal 
Conductivity in new buildings, and promotes the improvements of public building energy 
efficiency within Display Energy Certificate (2008) to promote the improvement of public 
building energy efficiency.  
 
5.2.2 Case Study 4: A green and environmental friendly building for a public sector 
organisation  
Case study 4 is a library built for a Higher Education Institution in the UK. The building is 
designed to meet the targets of the sustainable development in the institution, by incorporating 
the BREEAM targets into the design process. The building is designed to achieve the 
BREEAM excellent rating and ensure that the project process is in place to gain the sustainable 
outcomes through close work with the BREEAM assessor and design team from the earliest 
stages of the project. The construction phase has focused on using sustainable construction 
methods and practices, minimising environmental impacts, managing and monitoring water, 
energy and waste consumption. Under the requirements and the guidance from BREEAM, the 
construction company sources more environmentally friendly materials from suppliers that are 
certified by ISO14000.  It is a highly-performing building with a number of zero carbon 
solutions, for example, a lighting control system is fitted to increase user control and reduce 
energy consumption; ventilation is predominately natural, with areas served by mechanical 
ventilation to ensure good ventilation rates and thermal comfort; the building features such 
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sustainable technology as rainwater harvesting and storage system which captures and reuse 
water to serve the toilet flush system; and the landscape design and planting delivering a nature 
garden area that maximises biodiversity enhancement of the site.  
 
5.2.2.1 Green SCM drivers/pressures 
The drivers for achieving the high-level sustainability are identified as:  
• Regulation: Building Regulation (2006); Zero-carbon Standards (2006); Display Energy 
Certificate (2008) 
• Market: Stakeholders’ pressure; customer expectation 
• Internal factors: Green image.  
 
5.2.2.2 Green SCM practices  
The high-level sustainability of the building is mainly achieved as a result of the following 
green SCM practices:  
• Environmental management:  
Environmental implications of green SCM practices are considered by senior management, 
mid-level management, project team, design team and BREEAM assessor who are committed 
to and supports environmental practices. Stakeholders utilize advanced methods and practices 
in designing and constructing buildings to meet Building Regulation (2006), which seeks to 
reduce carbon emission. For example, passive techniques including heat recovery, lighting 
control, and rainwater collection systems allowed more than 20% reduction in carbon emission. 
Green construction process is also developed to reduce environmental and occupational safety 
expenses, including: 
o 3Rs: 3Rs during construction: 1) reduce indirect materials; 2) recycle excess inventory 
and materials; 3) promote reuse of parts.  
o Energy efficient technology: eco-design considers potential returnable construction 
components and building maintenance.  
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• Green procurement  
In this case, green procurement is regarded as a concept of acquiring the selection of resources 
that minimizes negative environmental impacts, and a solution for environmentally concerned 
business. Suppliers should meet various environmental requirements and can supply 
environmental friendly materials continually.  
o Green supplier selection: suppliers should meet environmental requirements and obtain 
green certificate achievements responsibly; 
o ISO 14000: the construction company sources more environmentally friendly materials 
from suppliers and/or second-tier suppliers that are certified by ISO14000; 
o Environmental requirement: purchased materials or parts should meet environmental 
quality standards or pass the audit process following environment-related regulations.  
 
• Green Distribution and Reverse Logistics  
Green distribution consists of green packaging and green logistics in this case, both of which 
are outsourced to require monitoring for environmental performance. The findings in green 
distribution practices include:  
o Green Packaging: 1) promote recycle package, 2) encourage and adopt recycle 
packaging methods, 3) standardize packaging;  
o Green transportation: 1) give priority to local suppliers; 2) energy effective vehicles is 
a prime consideration, 3) optimise routing and minimise mileage to be travelled.  
Practices of reverse logistics include waste collection and techniques utilization. The findings 
reverse logistics practices include:  
o Waste collection: used parts are inspected, selected and sorted which are shipped to 
recycle plants; 
o Techniques utilization: eco-design considers potential recycle construction components 
and building maintenance.   
 
• Government Involvement  
Government acts as an enabler and instructor in green SCM practices. The UK government has 
releases Building Regulations (2006) and Zero-carbon Standards (2006), which aims to reduce 
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the carbon emission, and the public building energy efficiency is enhanced by Display Energy 
Certificate (2008).  
Table 5.10 Green SCM practices in British construction sector  
Key competencies  Activities  
Environmental management  Commitment and support for green SCM from 
mid-level and senior management; project team, 
design team, construction companies and 
BREEAM assessor are committed to and supports 
environmental practices, including ISO14000 
certificate, BREEAM rating, 3Rs, energy efficient 
technologies, renewable resources adoption, 
cooperation with customers for green 
design/production.  
Green procurement  Suppliers’ ISO14000 certification, second-tier 
suppliers’ environmental assessment, 
environmental audit for suppliers, cooperation 
with suppliers for green purchasing, providing 
environmental requirements to suppliers, 
cooperation with suppliers for environmental 
improvement 
Green distribution and reverse 
logistics  
Cooperation with customers for environmental 
objectives (green packaging, green 
transportation), dispose of excess materials/ 
inventories, dispose of used/ scrap materials  
Government involvement  Providing guidelines and standards for reduction 
of carbon emission, building energy efficiency is 
the UK’s policy to reduce carbon emission  
 
 
 
  
	98	
	
Chapter 6 A Comparison of Chinese and British Construction Sectors 
through Benchmarking Exercise  
6.1. A comparison on demographics, climate, and timelines  
The demographic factors (including population size, trends, growth and migration), climate 
and comparative timeline of introducing energy and building regulations have influences on 
demands on new buildings, growth of construction SC, and the energy consumed.  
6.1.1 Demographics 
China and UK differ significantly in population size, population trends, population growth, 
migration (e.g. Chinese young generations move from rural areas to urban areas, which place 
a high demand on constructing new buildings, and pressure on environment), etc. China has 
the world’s largest population. The population growth has slowed down since the one child 
family planning policy was initiated in the late of 1970s. However, the urbanisation process is 
accelerating in China.  As shown in Figure 6.1, urban population of China has increased from 
373.04 million in 1996 to 749.16 million in 2014 (National Bureau of Statistics of China, 2015). 
This urbanisation process has a large impact on Chinese construction industry and China’s 
energy consumption.  As Figure 6.2 shows, the speed of China’s construction is impressive. 
The floor space completed by construction enterprises has increased from 373.04 million 
square meters in 1996 to 749.16 million square meters in 2014 according to the data from 
National Bureau of Statistics of China 2015. As Chmutina (2010) states, buildings play an 
important role in the energy demand sector. As Figure 6.3 presents, with the increase of Chinese 
construction, the domestic energy consumption has increased from 177.135 million tons of Oil 
Equivalent (OE) to 277.662 million tons of SCE in 2012 according to the data from National 
Bureau of Statistics of China 2015.  
In contrast, the population of the UK is the 22nd largest in the world, was around 63.182 million 
in 2011 (Office for National Statistics, 2012). The total population of UK has a slow increase, 
from 58.18 million in 1996 to 64.1 million in 2013 according to the data from World Bank. 
The UK’s urban population was slightly above 78% of the total population in 1980s, as shown 
in Figure 6.1 presents. From 1996 to 2013, the population size has a slow increase from 45.37 
million in 1996 to 52.56 million in 2013 (World Bank, 2015). The UK’s domestic energy 
consumption is fluctuated around 45 million tons of OE as Figure 6.3 shows.  
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*The statistics of the UK’s urban population of 2014 have not been published by June 2015.  
 Figure 6.1 Urban Population in China and UK 1996-2014 (National Bureau of Statistics of 
China, 2015; World Bank, 2015) 
 
 
Figure 6.2 Floor Space Completed by Construction Enterprises in China 1996-2014 (National 
Bureau of Statistics of China, 2015)          
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*there is no record of China’s domestic energy consumption for households from 1996 to 1999, 2001 to 2004; the 
statistics of domestic energy consumption of 2013 and 2014 have not been published by June 2015.  
Figure 6.3 Domestic Energy Consumption in China and UK 1996-2014 (National Bureau of 
Statistics of China, 2015; World Bank, 2015) 
 
6.1.2 Climate  
Climate conditions are the most important factors influencing building energy consumption 
(Shui and Li, 2012). The climate of China is extremely diverse since tremendous differences 
in longitude, latitude and altitude. China has five climate zones, including Temperate, Hot 
Summer Warm Winter (HSWW), Hot Summer Cold Winter (HSCW), Cold, and Severe Cold. 
As Figure 6.4 and Table 6.1 shows, the increasing energy demand for heating in Temperate, 
HSCW, Cold, and Severe Cold Zones. The increasing energy demand for cooling in Temperate, 
HSWW, and HSCW Zones during hot months. In contrast, the climate of the UK is influenced 
by the latitude and the Atlantic Ocean. As Figure 6.5 and Table 6.1 shows, the hardiness zones 
relevant to Britain and Ireland are from 7 to 10. This means space heating is the predominant 
use but space cooling is not required for comfort in the UK’s buildings.  
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Figure 6.4 Climate Zones of China (Huang and Deringer, 2007) 
 
 
Figure 6.5 Hardiness Zones of the British Isles (Trebrown.com, 1990) 
 
Table 6.1 Mean Temperatures in China and UK  
China  UK  
 Mean Temperature  Mean Temperature 
Coldest 
Month 
Hottest Month Coldest 
Month 
Hottest Month 
Temperate 0°C – 13°C 18°C – 25°C England 1.1°C – 7.2°C 9.5°C – 20.9°C 
HSWW > 10°C 25°C – 29°C Scotland -0.2°C – 
5.7°C 
7.2°C – 16.9°C 
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HSCW 0°C – 10°C 25°C – 30°C Wales 1.1°C – 7.4°C 8.6°C – 19.1°C 
Cold -10°C – 0°C  Northern 
Ireland 
1.2°C – 7.5°C 8.3°C – 18.4°C 
Severe 
Cold 
≤-10°C     
Source from Met Office 2001; Huang and Deringer, 2007 
 
 
6.1.3 Comparative timeline of energy and building regulations  
Both China and the UK have developed and deployed an array of policies to improve building 
energy efficiency and reduce building energy use, as shown in Table 6.2. UK began to 
introduce the first limits on the amount of heat transfer of new houses within the Building 
Regulations (1965), and the limits were tightened in 1976’s, 1985’s, 1990’s, 1995’s and 2002’s 
version. The Energy Policy of the United Kingdom (2003) articulated direction for more energy 
efficient building construction. Hence, a significant tightening of building energy efficiency 
requirements within the Building Regulations 2006. China began to study and conduct building 
energy efficiency issues since 1980s, it issued the Energy Conservation Design Standard for 
Civil Building (1986) was the first design standard for residential building to propose the target 
of energy saving.  China used pilot projects to promote new energy-saving buildings in 1990, 
and began to put in place the authorities to promote building energy efficiency through building 
energy codes.  Changes in 2006, both China and the UK have focused on the application of 
renewable energy in building energy efficiency, the promotion of green building, the 
implementation of building energy codes, and the improvement of the existing systems, 
including technical support systems, administrative system and regulatory system (see Table 
6.2). 
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Table 6.2 Building Energy Efficiency Policy Development in China and UK   
Years 
 
Policies Activities 
 China  UK  China  UK  
1960s   Building Regulations 
(1965) 
 It introduced limits on the 
Thermal Conductivity (the 
amount of energy that could be 
lost) in new houses.  
1970s   Building Regulations 
(1976) 
 Limits on the Thermal 
Conductivity in new houses were 
tightened, replaced 1965’s 
version. 
1980s  Energy Conservation 
Design Standard for Civil 
Building (Heating of 
Residential Building) 
(1986) 
Building Regulations 
(1985) 
China issued design standard for 
residential buildings, which 
proposed energy efficiency (30% 
off based on building energy use 
of typical building in the 1980s) 
(Yang et al, 2011).  
Limits on the Thermal 
Conductivity in new houses were 
tightened, replaced 1976’s 
version. 
Options on Speeding up 
the Innovation of Wall 
Materials and Promotion 
of Energy Efficient 
Buildings (1988) 
 China carried out pilot projects in 
tow cities.  
 
1990s  Options on Speeding up 
the Innovation of Wall 
Materials and Promotion 
of Energy Efficient 
Buildings (1988) 
Building Regulations 
(1990) 
Pilot projects were scaled up to 
eight provinces/ municipalities in 
1992.  
Limits on the Thermal 
Conductivity in new houses were 
tightened, replaced 1985’s 
version. 
Energy Conservation 
Design Standard for 
Thermal Engineering and 
Building Regulations 
(1995) 
China issued design standard for 
public buildings, which proposed 
energy efficiency.  
Limits on the Thermal 
Conductivity in new houses were 
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Air Adjustment in 
Tourist Hotel Building 
(1993) 
tightened, replaced 1990’s 
version. 
The 9th Five Year 
Plan(1993) 
Home Energy 
Conservation Act (1995) 
China’s first time to develop and 
implement policies of building 
energy efficiency.  
Local authorities are required to 
consider measures to provide free 
advice on and improve the 
residential dwelling energy 
efficiency.  
Energy Conservation 
Design Standard for Civil 
Building (Heating of 
Residential Building) 
(1995) 
Standard Assessment 
Procedure for Energy 
Rating of Dwellings 
(SAP, 1995) 
 
The revised standard increased 
energy efficiency target (50% off 
based on building energy use of 
typical building in the 1980s) 
(Yang, et al, 2011).  
It was the method system for 
measuring the energy rating of 
residential dwellings.  
Energy Conservation 
Law (1997) 
Standard Assessment 
Procedure for Energy 
Rating of Dwellings 
(SAP, 1998) 
 
  
Provisions on the 
Administration of Energy 
Conservation for Civil 
Buildings (1999) 
 China issued regulations for 
providing specific responsibilities 
of related stakeholders, including 
approval, design, construction, 
inspection, final acceptance and 
property management of 
construction projects (Shui and Li, 
2012). 
 
2000s  Design Standards for 
Energy Efficiency of 
Residential Buildings in 
the Hot Summer Cold 
Winter Region (2001) 
Standard Assessment 
Procedure for Energy 
Rating of Dwellings 
(SAP, 2001) 
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Design Standards for 
Energy Efficiency of 
Residential Buildings in 
the Hot Summer 
 Warm Winter 
Region (2003) 
EcoHomes (Pre-2002) China issued design standards of 
new residential building energy 
efficiency in HSWW zones (50% 
off based on building energy use 
of typical building in the 1980s). 
It was a rating scheme for 
dwellings related to building 
energy efficiency.  
Opinions on the Guide 
for the Pilot Reform 
Work of Heat Supply 
Systems in Cities and 
Towns (2003) 
Building Regulations 
(2002)   
This regulation stated 
requirements of ‘implementation 
of consumption-based tariffs and 
billings systems, and promotion of 
energy saving, including heating 
supply and demand’ (Shui and Li, 
2012, p.21).  
Limits on the Thermal 
Conductivity in new houses were 
tightened, replaced 1995’s 
version. 
Design Standard for 
Energy Efficiency of 
Public Buildings (2005) 
Energy policy of the 
United Kingdom (2003) 
The revised standard increased 
energy efficiency target (50% off 
based on building energy use of 
typical building in the 1980s). 
The scope of energy policy is to 
ensure dwellings are affordably 
and adequately heated.   
The issuance of the 
Renewable Energy Law 
(2005) 
EcoHomes (2003) It was the legal support for the 
application of renewable energy 
in building energy efficiency.  
 
National Building energy 
efficiency inspection 
Standard Assessment 
Procedure for Energy 
Rating of Dwellings 
(SAP, 2005) 
  
Provisions on the 
Administration of Energy 
Conservation for Civil 
Buildings (2006) 
EcoHomes (2005)   
Evaluation Standard for 
Green Buildings (2006) 
Dwelling Emission Rate 
(2005) 
  
Energy Conservation 
Law (2007) 
EcoHomes (2006)   
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Code for Acceptance of 
Energy Efficient 
Building Construction 
(2007) 
Code for sustainable 
Homes (2006) 
It dealt with acceptance of 
construction quality in building 
energy efficiency. 
It is a national standard for use in 
design and construction to 
improve building energy 
efficiency, is an environmental 
assessment method for rating and 
certifying the performance of 
new homes.  
 
The System of Statistical 
Reporting on the Energy 
Consumption of Civil 
Buildings (2007) 
Building Regulations 
(2006) 
 Limits on the Thermal 
Conductivity in new houses were 
tightened, replaced 2002’s 
version. 
Notice on Distribution of 
Comprehensive Working 
Scheme of Energy 
Conservation and 
Emission Reduction 
(2007) 
Zero-carbon Standards 
(2006) 
 All new housing should be built 
to zero-carbon standards from 
2016.  
The issuance of the 
Regulations of Energy 
Conservation in Civil 
Buildings and Regulation 
of Energy Conservation 
of Public Organisations 
(2008)  
Low Carbon Building 
Programme(LCBP,2006) 
It detailed guidance related to 
building energy efficiency.  
It offered grants subject to energy 
conservation. 
Standards for Energy 
Efficiency Inspection of 
Residential Buildings 
(2009) 
Energy Performance 
Certification (EPC 
Certificate, 2007) 
 It is introduced to promote the 
improvement of residential 
dwelling energy efficiency. 
Standards for Energy 
Efficiency Inspection of 
Public Buildings (2009) 
Display Energy 
Certificate (2008) 
 It is introduced to promote the 
improvement of public building 
energy efficiency.  
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 Standard Assessment 
Procedure for Energy 
Rating of Dwellings 
(SAP, 2009) 
 
  
2010s Design Standards for 
Energy Efficiency of 
Residential Buildings in 
Hot Summer Cold 
Winter Regions (2010)  
Renewable Heat 
Incentive (2011) 
 
China issued design standards of 
new residential building energy 
efficiency in HSCW zones (65% 
off based on building energy use 
of typical building in the 1980s). 
It is introduced to replace LCBP 
(2006), offers grants subject to 
energy conservation. 
Design Standards for 
Energy Efficiency of 
Residential Buildings in 
Severe Cold and Cold 
Regions (2010) 
Standard Assessment 
Procedure for Energy 
Rating of Dwellings 
(SAP, 2011) 
China issued design standards of 
new residential building energy 
efficiency in Severe Cold and 
Cold zones (65% off based on 
building energy use of typical 
building in the 1980s). 
 
Comprehensive Working 
Scheme for Energy 
Conservation and 
Emissions Reduction in 
the 12th Five Year Plan 
(2011) 
The Green Deal (2012)  It provides low interest loan for 
improvements of energy 
efficiency.  
Evaluation Standard for 
Green Buildings (2014) 
 It provided more specific cities to 
assess green buildings, replaced 
2006’s version.  
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6.2 A comparison on standards, regulations, and policies 
In China, the scale of building development is unprecedented (Shui and Li, 2012), according 
to China Intelligent Building Industry Market Outlook and Investment Strategy Planning 
Analysis Report (2013-2017), the energy consumed by building account for about 1/3 of 
China’s total energy consumption, which has a significant impact on greenhouse gas emissions. 
In contrast, buildings accounted for about 43% of all the UK’s carbon emissions in 2009 
(GOV.UK, 2012). The environment can be damaged by buildings and other development 
through inefficient energy use. To reduce energy consumption and carbon emission from 
buildings, the implementation of building planning policies is needed to protect and improve 
both built and natural environment in China and the UK.  
In China, a range of comprehensive building energy codes for new buildings are established, 
including design standards covering residential and public buildings in China as well as the 
construction processes, including design, construction and acceptance. The design standards 
for buildings differ by climate zones, such as the Cold and Server Cold Zones, Hot Summer 
and Cold Winter Zones and Hot Summer and Warm Winter Zones. The Building Energy 
Efficiency Labelling and Evaluation was released in 2006 and promoted in 2009 by the 
Ministry of Housing and Urban-Rural Development. In addition, the standards of green 
buildings have been established, and are evaluated by the Green Building Labelling in terms 
of building design (assessed by Green Building Design Evaluation Labelling) and building 
operation (Green Building Evaluation Labelling).  
In parallel with the development and implementation of the new standards and regulations, 
China tries to improve energy efficiency of existing buildings, including:  
• Heat reform- reducing energy waste and reforming heating pricing system by market 
mechanisms; 
• Residential buildings- building retrofit to enhance energy efficiency; 
• Public buildings- collection of energy consumption data, energy audits and energy 
consumption information disclosure;  
• Financial support- financial support for residential retrofit projects;  
• Application of renewable energy in buildings- geothermal heat pumps, solar water 
heating, building integrated photovoltaic and photovoltaic power generation;  
• Rural buildings energy consumption- encouraging use fossil fuels and reducing use of 
biomass.  
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In contrast, in the UK, the policies included in the National Planning Policy Framework explain 
how to protect the environment and reduce carbon emission. The Code for sustainable Homes 
is introduced to provide a national standard for designing and building greenhouses. Moreover, 
the aggregate working parties also provide technical assistance to the mineral planning 
authorities, local governments and the Secretary of State for Communities with the tree 
preservation order is released by the UK government to conserve energy.  As a state of EU, the 
UK must follow the Energy Performance of Building Directive that requires three dimensions, 
including (GOV.UK, 2012):  
• Energy Performance Certificate is necessary for all properties when rent, sold or built;  
• Display Energy Certificate must be displayed for larger public buildings;  
• All air-conditioning system must be inspected by the Energy Assessor if it is over 12Kw.  
Furthermore, various practices are implemented in the UK to reduce carbon emissions, 
including (GOV.UK, 2012):  
• More user-friendly and informative Energy Performance Certificates; 
• Green deal is introduced to encourage people to improve energy efficiency of their 
homes;  
• Zero Carbon is required for all new dwellings from 2016;  
• Zero Carbon is considered to other buildings from 2019; 
• Local planning authorities ensure new developments are energy efficient.  
In comparison, both China and the UK have developed building energy efficiency codes for 
new residential and public buildings. According to China Building Energy Efficiency 
Development Report (2011), China’s building energy efficiency codes in three major climate 
zones consist of design, construction, acceptance, operations and retrofit, and the specific 
contents include:  
• Residential Buildings  
1) Cold Zones-design standards include heating and ventilation, thermal insulation and 
building envelop;   
2) Hot Summer and Cold Winter Zones- design standards include air conditioning and 
ventilation systems, heating, thermal insulation and building envelop;  
3) Hot Summer and Warm Winter Zones-design standards include air conditioning 
and ventilation system, shading and thermal energy for roofs and walls; 
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• Public Buildings- design standards include air conditioning and ventilation system, 
thermal insulation and building envelop; 
• Acceptance- code for acceptance includes monitoring and control, lighting and power 
distribution, piping networks, air conditioning and ventilation system, roofs, walls, 
floors, and windows and doors.  
China is to cut energy use for residential building in Cold and Server Cold Zones, Hot Summer 
and Cold Winter Zones and Hot Summer and Warm Winter Zones by 65%, 50% and 50%, 
respectively and the saving target for public building is 50% in 2012less compared with the 
building energy consumption in the 1980s.  
In contrast, according to Energy White Paper (2003), The UK’S energy target for new buildings 
is to cut by 20% in 2006, by 60% by 2050, and by 80% by2100. Many standards related to 
building efficiency are released by the UK government. According to Building Regulation 
(2015) of UK, and China Building Energy Efficiency Development Report (2011), a 
comparison is made between China and UK for the design standards setup for improving 
building energy efficiencies:  
Table 6.3 A Comparison of Design Standards Established for Building Energy Efficiency 
between China and UK.   
 China U.K. 
 Residential buildings Public 
buildings  
Dwellings  Other 
buildings   Cold and 
Severe 
Cold 
Zones  
Hot 
Summer 
and Cold 
Winter 
Zones  
Hot 
Summer 
and Warm 
Winter 
Zones  
Renewable 
energy  
Yes  Yes  No  No  Yes  Yes  
Electrical 
power  
No  No  No  No  No  Yes  
Air 
conditioning 
and 
ventilation 
system 
Yes  Yes  Yes  Yes  Yes  Yes  
Trade-offs 
and building 
component 
performance 
approach  
Yes  Yes  Yes  Yes  Yes  Yes  
Lighting  No  No  No  No* Yes  Yes  
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Building 
envelop  
Yes  Yes  Yes  Yes  Yes  Yes  
Service hot 
water and 
pumping  
No  No  No  No  Yes  Yes  
‘*’ energy efficient lighting standards are not included in the building design energy efficiency 
standards but are included in the lighting standard.  
Inspection and supervision are significant factors in enforcing building energy codes.  The 
existing systems of inspection and supervision in China and the UK benefit from regulatory 
support.  Furthermore, improving energy efficiency in the UK is enforced by Energy 
Performance Certificate and Display Energy Certificate that are inspected by an Energy 
Assessor. However, Energy Performance Certificate is criticised by professional bodies for 
their inaccuracy (Snell, 2010).  In contrast, the current system of inspection and supervision in 
China is inspected by the Ministry of Housing and Urban-Rural Development. A comparison 
is made between China and UK for inspection and supervision in Table 6.4.  
Table 6.4 A Comparison for inspection and Supervision of Building Energy Efficiency between 
China and UK   
 Inspected by   Enhanced by  
China  Ministry of Housing and 
Urban-Rural Development 
 
UK  Energy Assessor  Energy Performance 
Certificate, Display Energy 
Certificate 
	
Both China and the UK have applied general strategies to promote buildings energy efficiency 
across their countries, such as China’s Code for Green Buildings and Code for Sustainable 
Homes in the UK. Specifically, according to Assessment Standard for Green Building (2014), 
the green building assessment system consists of 7 indexes as listed in Table 6.5.  
In contrast, Code for Sustainable Homes is for certifying and rating the performance of new 
homes in the UK based on 8 criteria as shown in Table 6.5.  
It is enforced by Building Research Establishment Environmental Assessment Methodology 
(BREEAM), UK, that the standard applied to building and location, is the most widely used 
method of assessing, rating and certifying the building sustainability with versions for 
refurbishment projects, exiting buildings, new buildings and large developments.  The Code 
for Green Building in China, Code for Sustainable Homes in UK and related assessment 
systems are the national and/or organisational standards for use in the design and construction 
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buildings to encourage continuous improvement of building energy efficiency. The comparison 
shows that both countries have developed assessment systems and standards for rating and 
certifying the building sustainability, however, China has not got an official body who enforces 
the application of these standards while UK has BREEAM who ensures the building energy 
consumptions are compliant with the standards.  
Table 6.5 A Comparison for Assessment of Green Building/ Sustainable Building between 
China and UK  
 China  UK  
Assessment Standards  Assessment Standard for 
Green Building 
Code for Sustainable Homes 
Assessment Factors  • Land saving and 
outdoor environment  
• Energy saving and 
energy utilization  
• Water saving and 
water resource 
utilization  
• Material saving and 
material resource 
utilisation  
• Indoor environment 
quality  
• Construction 
management  
• Operation 
management 
 
• Energy and carbon 
emissions 
• Materials  
• Waste 
• Health and well-
being  
• Ecology 
• Management 
• Pollution 
• Surface water run-off  
• Water  
 
Enforced by   Building Research 
Establishment 
Environmental Assessment 
Methodology (BREEAM) 
 
	
6.3 Challenges and potential solutions through benchmarking exercises  
Under the construction green SCM framework, the Chinese construction green SCM is 
benchmarked against the British construction green SCM, and the key competencies within 
green SCM are compared in Table 6.8. The benchmarking analysis reveals that the green SCM 
in British construction sector is more cooperative with customers and/ or suppliers for 
environmental objectives to encourage environmental improvement. Based on this premise, 
challenges in the Chinese construction green SCM are identified. The potential solutions that 
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are verified by the British construction green SCM during operational lifecycle are 
recommended.  
 
6.3.1 Existing green SCM practices in British construction sector  
The green SCM practices in British construction sector are drawn from the Case studies 3 and 
4 in Chapter 5.   
• Environmental Management  
Environmental implications of green SCM practices are considered by senior management, 
mid-level management, project team, design team and BREEAM assessor who are committed 
to and supports environmental practices. Close communication with project team, facade 
engineers, building engineers, architects, BREEAM assessor and building users to develop the 
design that can deliver operational carbon savings. Management is based on the effective use 
of resources that are monitored to improve energy efficiency and reduce carbon emission on 
the regular basis.   
Green construction process is also developed to reduce environmental and occupational safety 
expenses, including: 
o 3Rs: 3Rs during construction: 1) reduce indirect materials; 2) recycle excess inventory 
and materials; 3) promote reuse of parts.  
o Energy efficient technology: eco-design considers potential returnable construction 
components and building maintenance.  
 
• Green Procurement  
The green procurement policy requires the procurement team to consider material efficiency, 
waste to be produced and cost. Suppliers should meet various environmental requirements and 
can supply environmental friendly materials continually. Green procurement activities 
including:  
o Green Supplier selection: 1) an external body verifies information submitted by 
suppliers who implement 3Rs (reducing, recycling and reusing) and obtain green 
certificate achievements; 2) second-tier suppliers’ environmental assessment.  
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o ISO 14000: the construction company sources more environmentally friendly materials 
from suppliers and/or second-tier suppliers that are certified by ISO14000 or other 
environmental directives;  
o Environmental requirement:  building materials, components and equipment should be 
with environmental quality standards or passing the audit process following building 
regulations.    
o Green procurement process:  paperless order.  
 
• Green Distribution and Reverse Logistics  
Green distribution consists of green packaging and green logistics in this case, both of which 
are outsourced to require monitoring for environmental performance which includes a number 
of practices as following:  
o Green packaging: 1) standardise and downsize packaging; 2) encourage and adopt 
recycle packaging methods; 3) innovate 3R’s programs.  
o Green transportation: 1) give priority to local suppliers; 2) direct delivery; 3) energy 
effective vehicles is a prime consideration; 4) optimise routing and minimise mileage 
to be travelled. 
The reverse logistics activities are related to the reuse and recycle of its building materials, 
including:  
o 3Rs during construction: 1) reduce indirect materials; 2) recycle excess inventory and 
materials; 3) promote reuse of parts.  
o Waste collection: used parts are inspected, selected and sorted which are shipped to 
recycle plants; 
o Techniques utilization: eco-design considers potential returnable construction 
components and building maintenance.   
 
• Government Involvement  
The UK government acts as an enabler and instructor in green SCM practices, has deployed an 
array of policies to reduce building energy consumption and improve building energy 
	115	
	
efficiency, and articulates direction for building energy efficiency within the Energy Policy of 
the UK (2003), tightens the requirements of energy efficiency within the Building Regulation 
(2006) and promotes the improvements of public building energy efficiency within Display 
Energy Certificate (2008).  
 
6.3.2 Existing green SCM practices in Chinese construction sector  
Existing green SCM practices in Chinese construction sector are benchmarked against the 
practices in British construction sector.  
• Internal Environmental Management  
Senior managers put forward the green SCM practices of setting up green image of the 
company and integrating CSR policy into its business model. Using advanced technologies and 
practices in constructing green buildings to reduce waste reduction, enhance indoor 
environmental quality, and improve materials efficiency, water efficiency and energy 
efficiency. Certifications by ISO9001 and ISO14001 to meet the requirements of customers, 
minimize negative impacts on the environment, and comply with regulatory and statutory 
environmental requirements. Implemented cleaner production practices by closely cooperating 
with research institutes. 
Green manufacturing and construction processes are developed to achieve production 
efficiency, reduce environmental and occupational safety expenses, lower raw material costs, 
reduce waste of materials, water and energy, including: 
o 3Rs: reduce, reuse and recycle materials such as aluminium, nickel, magnesium, 
silicon, hydrogen nitrate, sulphuric acid, coal and water;  
o Energy efficient technology: 1) design product for using fewer resources, 2) 
improve equipment uptime, 3) increase product life span leading to higher 
productivity and efficiency, 4) reduce energy consumption, 5) Life Cycle 
Assessment (LCA); 
o Hazardous substance control: 1) quality control and recheck before processing, 2) 
rinse parts with using reuse water instead of chemicals.  
Gaps and recommended practices 
Senior management in Chinese companies put forward green SCM practices of integrating 
CSR policy and setting up green image. The mid-level management, project teams and design 
	116	
	
teams are committed to and supports environmental practices. The environmental management 
process lacks cooperation with customers for eco-design and green production. Therefore, 
Chinese companies can cooperate with their customers to design products or buildings with 
customers’ special considerations for the environmental impacts of the products or buildings 
during the whole lifecycle. 
 
• Green procurement  
o Collecting the environmental information and sets up the database on environmental 
situations of the materials and components related to suppliers.  
o Green supplier selection: 1) selecting suppliers who meet environmental requirements 
and control hazardous resources responsibly, 2) an external body verifies information 
submitted by suppliers who implement 3Rs (reducing, recycling and reusing) and 
obtain green certificate achievements.  
o ISO 14000: prioritising suppliers who acquire ISO 14000 international environmental 
management certification or other environmental directives;  
o Environmental requirement: purchasing materials or parts that meet environmental 
quality standards or passing the audit process following environment-related 
regulations.  
o Green procurement process: 1) paperless order, 2) recycle and reuse paper and plastic 
box.  
 Gaps and recommended practices  
Chinese companies collect environmental information and set up database on environmental 
situations related to their suppliers. Suppliers should meet the environmental requirements, 
acquire ISO 14000 certification or other environmental directives. However, these company 
lack of auditing suppliers’ inner environmental management and second-tier suppliers’ 
environmental assessment. Therefore, Chinese company can employ environmental auditors 
as a third-party certification conducts the environmental management audit within suppliers’ 
organisations to assess biodiversity, emissions and discharge, construction and refurbishment, 
water, energy, waste management and transport. Companies should priority purchase parts or 
materials from suppliers whose suppliers have environmental directives such as ISO 14000. 
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• Green Distribution and Reverse Logistics  
Green distribution increase space utilisation and lower materials usage, is outsourced to achieve 
Just-in-time (JIT) production and require monitoring for economic and environmental 
performance. The findings in green distribution practices include:  
o Green Packaging: 1) promote reuse and recycle package, 2) encourage and adopt 
returnable packaging methods, 3) standardize packaging, 4) downsizing packaging; 5) 
innovate 3R’s programs. 
o Green transportation: 1) distribute products together rather than in smaller batches, 2) 
optimise routing and minimise mileage to be travelled; 3) give priority to local suppliers 
when ordering building materials, components and equipment; 4direct delivery; 5) 
energy effective vehicles is a prime consideration. 
Practices of reverse logistics include waste collection, disposal and reprocessing that are related 
to 3Rs.  
o Waste collection: initially inspects, selects and sorts the used parts which are shipped 
to recycle plants; 
o Waste treatment: Water waste and solid waste are treated by final Treatment/ landfill 
companies; 
o Recycle Plants: recycling plant collects used parts from customers or manufacturing 
plants, and recycle metals.  
o Final treatment: the construction waste is treated by landfill companies who have 
industrial waste treatment and disposal systems.  
o 3Rs during construction: 1) reduce indirect materials; 2) recycle excess inventory and 
materials; 3) promote reuse of parts.  
o Techniques utilization: eco-design considers potential returnable construction 
components.  
Gaps and recommended practices  
The practices of Chinese green distribution involve green packaging and green transportation 
that increase space utilisation and lower materials usage and the amount of handling required. 
However, Chinese companies lack cooperation with customers and/or suppliers during green 
distribution process. Therefore, Companies would be possible to cooperate with customers 
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and/or suppliers during distribution process to increase energy efficiency and reduce carbon 
emission. 
 
• Government Involvement  
Chinese government’s involvement facilitates maximising the performance improvement 
resulted from the implemented green SCM practices, organises workshops and offer guidelines 
and framework for implementing green SCM practices and suggest measures to be taken, 
provide leadership by increasing awareness of environmental protection, offer financial 
incentives and helps companies developing and implementing energy saving schemes that aim 
to reduce the energy consumption in the company. Chinese companies benefited from the 
technical assistances offered by government, such as workshops for energy conservations and 
minimising wastes generated from production. The government encourages and fosters 
collaborations between research institutions and companies to maximise the use of end-of-life 
products, including potential for materials retrieval, energy recovery, high recyclability, re-
manufacturability and reusability.  
Gaps and recommended practices  
Chinese government has released an array of regulations and standards; however, it lacks 
enforceable environmental laws and regulations provide guidelines and directives for the 
industry. Therefore, Chinese government should introduce enforceable environmental laws and 
regulations to provide guidelines and directives and enhance public awareness of carbon 
emission. 
 
Table 6.6 Construction Green SCM Framework  
Key competencies   Descriptions  
Internal environmental management  Its activities involve commitment from mid-level 
and senior level management, inter-department 
cooperation, environmental compliance and 
auditing system, and improvement of 
manufacturing process.  
Green procurement  Its activities involve cooperation with suppliers, 
environmental requirements, and ISO14000 
certification.   
Green distribution and reverse logistics  Its activities involve environment friendly 
transportation, excess inventory and materials, 
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used material and scrap, and technology 
utilization.  
Government involvement  Its activities involve government coordination, 
infrastructure, assistance from government, and 
knowledge popularization.  
 
Table 6.7 Similarities between the Chinese and British Construction Green SCM  
Key competencies Chinese and British Construction Green 
SCM 
Internal management  Both contain green production practices, 
including 3Rs (reduce, reuse and recycle 
materials), energy efficient technologies, 
using renewable resources, and hazardous 
substance control.  
Green procurement  Practices adopted include green supplier 
selection, environmental requirements and 
ISO 14000 certificate.  
Green distribution and reverse logistics  Green packaging and green transportation 
are involved in green distribution practices; 
waste treatment and waste collection are 
included in reverse logistics practices.  
Government involvement  Both countries’ authorities offer grants and 
provide technical guidelines and assistances; 
building energy efficiency has become 
national infrastructure priority in both 
countries.   
 
Table 6.8 Benchmarking Chinese green construction SCM against British green construction 
SCM  
Key competencies  Gaps identified in Chinese 
Green construction SCM  
Best practices 
Recommended 
Internal Environmental 
management  
Lack of cooperation with 
customers for eco-design and 
green production  
Companies cooperate with 
their customers to design 
products or buildings with 
customers’ special 
considerations for the 
environmental impacts of 
the products or buildings 
during the whole lifecycle. 
Green Procurement  Lack of auditing suppliers’ 
inner environmental 
management; 
Lack of second-tier suppliers’ 
environmental assessment;  
Environmental auditors 
employed by third-party 
certification conduct the 
environmental 
management audits within 
suppliers’ organisations to 
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assess biodiversity, 
emissions and discharge, 
construction and 
refurbishment, water, 
energy, waste management 
and transport.   
Companies priority 
purchase parts or materials 
from suppliers whose 
suppliers have ISO 14000 
certificate.   
Green Distribution and 
Reverse Logistics  
Lack of cooperation with 
customers and/or suppliers for 
green packaging and 
transportation  
Companies cooperate with 
customers and/or suppliers 
for green distribution, 
including green packaging 
and green transportation.  
Government Involvement  
 
Lack of enforceable 
environmental laws and 
regulations 
Introduce enforceable 
environmental laws and 
regulations.  
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Chapter 7 Major Findings and Discussions  
The major findings of this study and the consequent discussions for Chinese green SCM can 
be summarised as follows.  
Green SCM pressures/ drivers have driven green SCM practice adoption in Chinese enterprises 
to gain “benefits” ranging from straightforward cost reduction to facilitating the development 
of cooperative relationship with suppliers, and even encouraging a life-cycle, holistic approach 
in managerial decision making. Green SCM practice has a positive influence on reducing 
energy consumption, which is one of the indicators for improved environmental performance. 
The resulted environmental performance is overall better than the economic performance; 
green SCM practices have more influence on positive environmental performance than on 
positive economic performance. Adoption and implementation of green SCM practices in 
Chinese construction industry may take longer time as the environmental and economic 
benefits are not perceived to be significant. Chinese companies are facing several challenges 
that will affect companies in construction industry to implement green SCM practices.  
	
• Green SCM pressures/ drivers  
Findings from the empirical analysis and the case studies indicate that companies in Chinese 
construction industry are facing multiple green SCM pressures from regulatory bodies, 
customers and internal policies, and are also reacting with various green SCM practices. 
Sample of Chinese enterprises in construction industry has a broad set of green SCM pressures, 
drivers and influences on green SCM practices (shown in Table 4.7, 4.18).  Each item such as 
regulation, market and internal factors listed in the set has been viewed as having some level 
of importance on investigated items (means over 4.00).  
Market is regarded as the most important or effective pressure in adopting or implementing 
green SCM practice. The factors of regulation and internal factors are also considered as 
important pressures and drivers. Regulatory pressures on medium sized enterprises are most 
significant, especially environmental regulation and national (domestic) regulation in China 
(as summarised in Table 4.10). It may be seen that the influences of green SCM pressures and 
drivers are very strong, and managers who work in Chinese medium sized enterprises are quite 
aware of these pressures and drivers to address environmental issues and adopt green SCM 
practices. Results reveal that Chinese enterprises have experienced strong pressures from the 
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relevant environmental regulations, but they may face the similar and very early pressure or 
drivers from market and the internal motivations. 
The empirical analysis based on the survey shows that there is positive relationship between 
the increasing environmental pressures and adoption of green SCM practices across the 
Chinese construction industry. The green SCM pressures/ drivers have significantly driven 
adoption of green SCM practices in these Chinese enterprises to achieve “benefits”. The 
alleged benefits of implementing green SCM practices are boarder than straightforward cost 
reduction, and include facilitating the development of cooperative relationship with suppliers, 
and even encouraging a life-cycle, holistic approach in managerial decision making.  In 
addition, results also indicated that industry sector did not have significant relationship with 
green SCM practices, but firm size seems to have a significant negative relationship with 
government involvement measures (Shown in Table 4.18). It seems that in this sample of 
Chinese enterprises, the resources offered by government to smaller sized companies play an 
important role in influencing adoption of green SCM practices.  
Green SCM pressures faced by SJAC and SJSC feel are similar as those faced by other 
surveyed companies in Chinese construction supply chain. Both case studies of SJAC and SJSC 
indicate that green SCM drivers/ pressures on Chinese construction industry, such as 
environmental laws and regulations, customer environmental awareness and company’s 
internal motivation, encourage the implementation of green SCM practices, including green 
procurement, internal environmental management, green distribution and reverse logistics, and 
government involvement (Shown in Figure 5.1, 5.2). The building material manufacturer, 
SJAC considers and implements the green SCM practices, including internal environmental 
management, green procurement (including the green supplier selection, ISO 14000 
certification and environmental requirement), green distribution and reverse logistics 
(including green packaging, green transportation, waste collection and treatment, and recycle 
plants), and government involvement that are required by environmental laws and regulations, 
pressures from market and its corporate social responsibility (Shown in Figure 5.1). The 
Chinese real estate developer SJSC has implemented internal environmental management, 
green procurement (including the green suppliers selection, ISO 14000 certification, 
environmental requirement and green procurement process), green distribution and reverse 
logistics (including green packaging, green transportation, final treatment, 3Rs during 
construction and techniques utilisation) and government involvement that are required by the 
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environmental laws and regulations, pressures from market; and driven by financial support 
from local government and its corporate social responsibility (Shown in Figure 5.2).  
Positive relationships between green SCM pressures and green SCM adoption have been 
observed in empirical analysis, but case studies of SJAC and SJSC explicitly verify that a 
causal relationship exists between green SCM pressures and implementations, which is similar 
as the findings from Zhu, Sarkis and Lai (2007).  As summarised in Zhu, Sarkis and Lai (2007), 
these multi-faceted green SCM pressures faced by the Chinese construction SC ‘will eventually 
make the entities in the SC adopt baseline level of many green SCM practices’. Furthermore, 
compared with Zhu, Sarkis and Geng (2005) where ‘a clear lag between pressures/drivers and 
practices of green SCM in Chinese manufacturing enterprises was identified’. This research 
reveals that Chinese construction industry has experienced both green SCM pressures/drivers 
and green SCM practices, and that the green SCM pressures/drivers have significantly driven 
green SCM practices in these Chinese enterprises. 
 
• Green SCM practices  
The results show that the Chinese companies in construction sector have implemented the green 
SCM practices by raising the awareness of green SCM practices, offering education on green 
SCM practice, and in cooperating environmental programs. The practices of internal 
environmental management, green procurement, green distribution and reverse logistics, and 
government involvement have received commitment from senior level management, middle 
level management, inter-departmental cooperation, supplier, partners and government.  
Furthermore, the government involvement has become an important green SCM practice in 
Chinese construction industry such as the government coordination, infrastructure, assistance 
from government and knowledge popularization.  
The government has imposed the pressure/ drivers to adopt green SCM practices, but the 
enterprises may react at the different peace to adopt practices of green SCM when responding 
to the market pressure and internal motivation. Although the government actively involves the 
adoption of green SCM practices, the practices of green SCM in enterprises may be more 
significant as the green SCM pressures/ drivers become more mature since most of the 
enterprises in Chinese construction industry are at the early stage of adopting green SCM 
practices. The larger sized enterprises may have more competitive advantages in the market.  
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These results in Chinese enterprises in construction industry are supported by the literature by 
a number of researchers who have looked at other organisations. The internal environmental 
management items of middle management support (Carter, Ellram and Kathryn, 1998) and 
commitment from senior level management (Carter, Kale and Grimn, 2000), Inter-
departmental cooperation and improvement of manufacturing process (Zhu and Sarkis, 2004) 
were tested for their respective impacts on green SCM practices. The middle and top 
management should be totally committed to ensure the complete environmental excellence due 
to the support from managers is the necessary driver for the successful implementation and 
adoption of most activities, programs, technology, and innovations (Carter, Kale and Grimn, 
2000). The success of eco-design requires the inter-departmental cooperation among the entire 
enterprise and other parties in SC (Lenvis and Gretsakis, 2001). The process of production 
equipped with the environmentally sound technological innovations is most advanced in 
operational life cycle (Gillett, 1993). The investigation of this research presented a good level 
of internal environmental management adopting and implementation in Chinese construction 
industry as the mean value of each items of internal environmental management are all above 
4.0 (Shown in Table 4.8).  
Most Chinese enterprises are aware of the importance of green procurement (Zhu and Sarkis, 
2004) but few have really implemented it due to lack of knowledge and tools (Wu, Zhu and 
Geng, 2001). However, globalization may increase export for China to developed countries 
where customers pressure Chinese to self-regulate environmental performance (Christmann 
and Taylor, 2001). Furthermore, multi-national enterprises have changed from foreign direct 
investors to multinational operators through global supply networks (Zhu and Sarkis, 2004). 
More and more Chinese enterprises have improved both environmental and quality 
performance by adopting green purchasing practices through cooperation with suppliers for 
environmental objectives and requirements for purchased items (Zhu, Sarkis and Lai, 2007) 
because they have become suppliers of foreign enterprises. Some Chinese enterprises have 
begun to implement green SCM on the basis environmental management system such as ISO 
14000 certification to achieve environmental objectives (Zhu and Geng, 2003). This research 
showed that green procurement practice is highlighted with high mean (4.54) among four green 
SCM practices (Shown in Table 4.8), and can bring slightly direct and better economic and 
environmental performance (Shown in Table 4.19).  Companies in building material sector 
seem to be more mature in their adoption and implementation of green procurement practice 
(Shown in Table 4.14).  
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Empirical results indicate that green distribution and reverse logistics has a slightly positive 
influence on environmental performance (Shown in Table 4.19). Implementation of green 
distribution and reverse logistics can result in cost saving such as fees for waste treatment and 
discharge (Zsidisin and Hendrick, 1998) and decrease of cost for energy consumption (Zhu, 
Sarkis and Geng, 2005). Green distribution and reverse logistics is helpful to improve 
environmental performance by minimizing life-cycle environmental impacts and addressing 
product functionality (Zhu and Sarkis, 2004). The success of reverse logistics is important for 
green purchasing in German and American enterprises (Zsidisin and Hendrick, 1998). 
Environmental friendly transportation is an important green SCM practice to reduce energy 
consumption in Chinese automobile enterprises (Zhu, Sarkis and Lai, 2007). Discussion with 
managers in Chinese enterprises found that the interest in green distribution and reverse 
logistics is mainly because of regulatory pressures. This survey also demonstrated that adoption 
of green distribution and reverse logistics is highlighted with high mean (4.64) among four 
green SCM practices. 
Governments have become involved in green SCM initiatives as environmental regulations 
shift emphasis from pollution control to the life cycle of the products. The government has set 
up a foundation to conduct research that can generate advanced technology for enterprises in 
Thai cane sugar industry. In addition, the Thai government also plays an important role by 
setting up and specific quotas for production for both national and international markets (Wei, 
Li and Lu, 2004). In China, government changed over from a resource subsidy to levy taxes 
for some resources such as natural gas and coal (Zhu and Cote, 2002), and enhanced its waste 
management policy and recycling systems (Zhu, et al., 2007). The investigation indicated that 
the Chinese government has effectively involved in green SCM with high mean value (4.60), 
but the enterprises may react at the different peace to adopt practices of green SCM when 
responding to government involvement.  
 
• Green SCM performance  
Green SCM practice has a positive influence on reducing energy consumption, which is one of 
the indicators for improved environmental performance. The resulted environmental 
performance is overall better than the economic performance; green SCM practices have more 
influence on positive environmental performance than on positive economic performance. 
Therefore, adopting and implementing green SCM practices in Chinese construction industry 
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may take longer time as the environmental and economic benefits are not perceived to be 
significant. However, the alleged benefits of implementing green SCM practices are broader 
than straightforward cost reduction, and include facilitating the development of cooperative 
relationship with suppliers, and even encouraging a life-cycle, holistic approach in managerial 
decision making. In addition, results showed that industry sector did not have significant 
relationships with any of the performance measures, but firm size seem to have a significant 
positive relationship with economic performance measures. It seems that in the sample of 
organisations in Chinese construction industry, extra resource available for larger sized firms 
play a role in contributing to the economic performance measures.  
The perceived performance implications of green SCM were major issues the researcher 
targeted in this survey. The results suggest that a lag may exist between adoptions of green 
SCM and performance in Chinese enterprises. Both green SCM performance are below 4.00 
(relatively important) but above 3.00 (to some degree), with 3.36 for environmental 
performance and 3.20 for economic performance (Shown in Table 4.9).  
In terms of green SCM practices adoption and implementation, the two case companies are 
comparatively more active and advanced compared with other surveyed companies in the 
empirical analysis. Case studies on SJAC and SJSC indicate that successful implementation of 
green SCM practices bring economic and environmental benefits, as evidence in reduced 
pollution, reduced energy consumption, reduced air emission, expanded market share, 
avoidance of regulatory penalties and increased revenues (Shown in Table 5.1-5.9). Case study 
on SJAC indicates that SCM practices have improved environmental and economic 
performance including reduced consumption of hazardous materials, reduced consumption of 
water and coal fuel, increased consumption of clean energy, reduced air emission, reduced solid 
and water waste and enlarged market share (Shown in Table 5.1-5.3). SJSC has gained 
environmental benefits such improvement of energy efficiency of buildings and economic 
benefits like avoidance of regulatory penalties, more competitive productions, green image, 
awards, expanded market share and increased revenues (Shown in Table 5.4-5.9). 
Environmental liability and responsibility costs, resource costs, waste and toxic substance 
treatment costs relative to green SCM issues of those companies should be reduced through the 
more efficient resources use. Therefore, the integrated green SCM could systematically 
consider all concerns of stakeholders of SJAC and SJSC, including suppliers, producers, 
partners, customers and communities, and drives toward a common objective of environmental 
conservation.  
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In addition, medium and large sized companies have much better economic performance than 
small ones (Shown in Table 4.12).  Empirical results indicate that both environmental and 
economic performance seem to not have any significant relationships with each factor of green 
SCM practices (Shown in Table 4.19).  In particular, green procurement has slightly direct and 
positive impacts on environmental performance and economic performance. Green distribution 
and reverse logistics has a slightly direct and positive influence on environmental performance. 
It is not surprising that companies in Chinese construction industry have significantly initiated 
implementing the practices of green SCM as driven by the green SCM pressures/drivers, and 
extra resources available for larger sized firms play a role in contributing to the economic 
benefits. However, the practices have been implemented at the early starts and have not resulted 
in significant improvement in the green SCM performance in Chinese construction industry, 
both economically and environmentally.  
 
• Challenges and potential solutions for green SCM in Chinese construction industry  
 
Challenges  
Through benchmarking exercise, the researcher finds that senior management in Chinese 
companies put forward green SCM practices of integrating CSR policy and setting up green 
image. The mid-level management, project teams and design teams are committed to and 
supports environmental practices. However, the environmental management process lacks 
cooperation with customers for eco-design and green production. It is necessary for Chinese 
companies to consider how to improve cooperation strategies and initiatives with their 
customers. Further, Chinese companies lack auditing suppliers’ inner environmental 
management and second-tier suppliers’ environmental assessment. Those companies collect 
environmental information and set up database on environmental situations related to their 
suppliers who must meet the environmental requirements, acquire ISO 14000 certification or 
other environmental directives. Lack of basic auditing suppliers’ inner environmental 
management and second-tier suppliers’ environmental assessment is another challenge for 
Chinese green procurement practices. In addition, Chinese companies lack cooperation with 
customers and/or suppliers during green distribution process. Chinese companies have adopted 
and implemented green packaging and green transportation that increase space utilisation and 
lower materials usage and the amount of handling required. Procedure and process 
restructuring may require the cooperation with suppliers and customers to build a new business 
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process for green distribution practices. Finally, Chinese government involvement is crucial 
for green SCM initiatives successfully. The government released an array of regulations and 
standards but it lacks enforceable environmental laws and regulations provide guidelines and 
directives for the industry. Such challenge will affect Chinese companies to implement green 
SCM practices proactively.  
Potential solutions  
Green SCM practices in Chinese construction industry include four aspects, including internal 
environmental management, green procurement, green distribution and reverse logistics, and 
government involvement. Operational life cycle of the organisation is regarded as more tactical 
set of organisational factors that impact both internal and external SCM (Ninlawan, et al., 2010), 
that involves five main components, including procurement, production, distribution, reverse 
logistics and packaging. According to the current situations and challenges, Chinese companies 
can cooperate with their customers and suppliers to initiate green SCM practices with 
customers’ special considerations for the environmental impacts to overcome challenges 
during the whole lifecycle.  
The procurement decision impacts the green SCM, through the type of purchased materials, or 
through the selection of vendors (Ghobakhloo, et al., 2013). Procurement department in 
Chinese companies could decide whether to outsource the components or processes for 
environmental purposes if outsourcing is to be used. Chinese company can employ 
environmental auditors as a third-party certification conducts the environmental management 
audit within suppliers’ organisations to assess biodiversity, emissions and discharge, 
construction and refurbishment, water, energy, waste management and transport. Companies 
should priority purchase parts or materials from suppliers whose suppliers have environmental 
directives such as ISO 14000. 
The production process impacts the green SC in many ways, including 1) how well the 
processes are designed for the waste prevention, 2) capabilities to integrate remanufactured or 
reusable components into the systems, and 3) a capability process to reuse the materials. Since 
the production is usually the internal focus of an organisation, the process of production 
becomes the function that enables the advancement and the innovations of the environmentally 
sound technological process, which allows Chinese government to introduce enforceable 
environmental laws and regulations to provide guidelines and directives and enhance public 
awareness of carbon emission.  
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Operation networks of transportation and distribution are also significant characteristics of 
operation that can influence the green SC (Ninlawan, et al., 2010). The operation of distribution 
is most closely tied to the customers’ requirements and characteristics. Therefore, involvement 
of customer in the design and development of distribution system seems to provide the efficient 
and effective distribution network. Thus, Chinese companies would be possible to cooperate 
with customers during distribution process to increase energy efficiency and reduce carbon 
emission. 
The reverse logistics primarily focus on the return of reusable and recyclable materials and 
products into the forward SC from the environmental perspectives. The typical activities in a 
reverse logistics are 1) collection, 2) separation, 3) densification, 4) transitional processing, 5) 
delivery, and 6) integration (Pohlen and Farris, 1992). To have a fully operational reverse 
logistics system, Chinese companies not only need a network for the collection process, but 
also a number of the processes and systems.  
Packaging has the strong relationships with other functions of life cycle of operation. The key 
features of packaging in terms of materials, shape and size can influence distribution (Sarkis, 
2003). Along with rearranged from loading patterns, better packaging can 1) reduce the amount 
of handling required, 2) increase utilisation of space in the trailer and warehouse, and 3) reduce 
materials usage. Therefore, adoption of returnable packaging in Chinese companies requires 
an effective channel of reserve logistics and a strong relationship with customers and suppliers. 
The efficiency in packaging directly affects the environment.  
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Chapter 8 Managerial Implications  
This study is an example for improving the environmental performance of Chinese construction 
industry. It is also a benchmark research in a Chinese scenario against the British environmental 
practices, which identifies good practices in green SCM adoption. The conclusions of the 
research help to focus and identify green SCM pressures and are justified by the opinions 
collected in the interviews with governments and supply chain mangers.   
Both China and the UK have been actively promoting building energy efficiency with strong 
supports from governments, local communities and other organisations. Both countries make 
great efforts in improving energy use efficiency and reducing carbon emissions by setting up 
strict building regulations, a series of polices and practical programmes of building energy 
efficiency. In particular, the demands for air conditioning and ventilation systems, thermal 
insulation materials, energy efficient lighting and energy efficient walls and windows will grow 
alongside with the stronger requirements on building energy efficiency in China and the UK 
(Shown in Table 6.2, 6.3), which could enlarge the market share of building material company 
such as SJAC. Although there are some limitations in current policies and programmes, both 
countries have achieved significant progress in improving building energy efficiency and 
reduction of carbon emissions with strong supports from related stakeholders and appropriate 
monitoring and oversight by professional bodies and authorities.   
The benchmarking exercise also reveals that the green SCM in British construction sector is 
more comprehensive and effective as the customers and suppliers have more proactive 
involvement in the green SCM practices. The gaps in internal environmental management, 
green procurement and green distribution are identified by benchmarking analysis. 
Communications among British companies, suppliers and customer through implementation of 
green SCM are richer and diverse than Chinese firms’ green SCM. The best green SCM 
practices, including inner suppliers’ environmental management audit, second-tier suppliers’ 
environmental assessment, and cooperation with customers and suppliers for green objectives 
that adopted by British firms, but not by Chinese companies (Shown in Table 6.8).  
To encourage implementation of green SCM practices in the construction SCs in China, efforts 
must be made to enhance communication with customers, improve collaborations between SC 
parties, and introduce official bodies who enforce regulations, provide economic incentives, 
and invest in infrastructure and technology. Success of all these improvement measures 
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depends on the presence of support from the government and investment by the building 
materials suppliers as well as constructors.  
Regulatory stakeholders are the important environmental stakeholder groups who have the 
ability to influence governments to set regulations that are imposed on companies internally 
for driving environmental activities. (Henriques and Sadorisky, 1999; Del and Jaunquera, 
2003). This research indicates that to successfully implement and expand green SCM practices 
in Chinese construction SC, the central government is recommended enforcing environmental 
laws and regulations and providing guidelines and directives for the industry. Next, 
organisational stakeholders such as customers who have enhanced the environmental 
awareness and prefer the ‘green’ products can have the direct financial impact on the 
organisation (Chan and Lau, 2001). Thus, government should enhance public awareness of 
carbon emission and energy uses from unsustainable and sustainable buildings, and launch the 
campaign on environmental protection and conservation through education and promotion. In 
addition, Eco-design is a help and emerging tool to improvement environmental performance 
by minimising life-cycle environmental impacts and addressing product functionality (Zhu and 
Sarkis, 2004). The government should also take the initiative to invest in research and 
development of new, clean and sustainable building materials, encourage and award innovative 
and sustainable building designs, and financially sponsor or award companies that invest in 
sustainable buildings.  
Observing a national-wide policy that has to yet to be developed, local governments should 
provide financial aids to building materials manufacturers or construction companies to help 
implement green SCM practices and to facilitate collaboration among them and customers. At 
the same time, Chinese government can help companies to identify useful benchmarking 
reference to disseminate experiences and replicate the path for successful green SCM 
implementation in the construction industry. As Holt, Anthony and Viney (2001) suggested, 
government strategy could include a range of scope from financial and technical support to 
indirect encouragement and infrastructure development, such as undertaking the energy 
efficiency best practice campaign to provide free advice and technical support, bringing 
awareness of green SCM practices through manuals and guidebooks, developing the best 
practices of green supply chain, and other government driven initiatives. One of findings in 
this research is that large enterprises with more resources and stronger capabilities also should 
take the lead to invest in sustainable design and construction so as to set examples for smaller 
manufacturers to follow. Successful green construction SC requires the whole-hearted 
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participation of all the parties in the SC, including suppliers, manufacturers, distributors, and 
end-users. The government, however, should play a central role of facilitator and coordinator.  
The weakness of external cooperation has impeded on the improvement of Chinese companies’ 
green SCM practices. Benchmarking practices in Chinese companies against those in British 
companies, suppliers and customers are recommended to be involved in eco-design and green 
packaging and transportation. The success of eco-design and external green SCM requires the 
cross-functional cooperation among the enterprise and the external cooperation with other 
partners in the whole supply chain (Lenvis and Gretsakis, 2001; Zhu and Sarkis, 2004). 
Companies can cooperate with their suppliers and customers to design products or buildings 
and adopt green packaging and transportation methods with special considerations for the 
environmental impacts of the products or buildings during the whole lifecycle. Chinese 
companies can also exert the green SCM pressures to their suppliers (including first-tier and 
second tier suppliers) to encourage them to achieve environmental certification. ISO 14000 
certification and other proactive environmental tools can be introduced and treated as one of 
the key aspects for supplier selection. Monitoring and auditing supplier’s environmental 
performance is important for green procurement. Chinese companies can depute analysing 
suppliers’ data to a third-party organisation to check whether suppliers meet environmental 
requirements.  
The research value of measuring the relationships between pressures/ drivers and practice 
adoption, and ultimate performance improvement is clear, but practical managerial value can 
only be realised when long-term improvements and practice adoption decisions are made, 
which can be supported by strict and complete legislative rules and policies.    
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Chapter 9 Conclusion and Further Research  
There are increasing concerns regarding the adverse environmental consequences of 
construction work undertaken, and the carbon emissions from more and more skyscraper 
buildings. To rectify the damage on the environment, a significant economic investment has to 
be made. To address these concerns, green SCM becomes a new frontier in various industrial 
sectors and are investigated in this research limited to Chinese construction sector, which 
constitutes approximately 28% of China’s carbon emissions. The green SCM in Chinese 
construction sector requires the involvement of the entire supply chain, from materials 
manufacturers, through wholesaler/ logistics providers, to construction companies, to investors 
and finally to customers.  
Literature has shown that green SCM becomes an important model for organisations to lower 
environmental risks and achieve profit objectives while improving ecological efficiency. 
Organisations in Chinese construction supply chain have struggled to improve their economic 
and environmental performance, although they have made some progress in adoption of green 
SCM practices.  
• With the requirements of regulatory bodies, customers and internal driven, 
environmental awareness have been increased and green SCM practices have emerged 
as systematic approaches for the construction industry in China. Regulations and 
internal factors can be considered as important green SCM drivers and pressures. The 
existence of regulatory pressures improves adoption of internal environmental 
management, green procurement, green distribution and reverse logistics, and 
government involvement. In particular, medium and large sized Chinese companies 
face higher regulatory pressures than small firms. Internal driven encourages adoption 
of internal environmental management, green distribution and reverse logistics.  
Correspondingly, companies in Chinese construction industry facing higher market 
pressures tend to better government involvement practices.   
• The adoption rates of green SCM practices shown in investigation is high that indicates 
green SCM is not a new concept in Chinese construction industry. Companies have 
begun to change their focus from single plant improvement to the entire supply chain. 
Most of the companies have recognised the importance of green SCM and tried to put 
it into practices, including internal environmental management, green procurement, 
green distribution and reverse logistics. Correspondingly, China’s local governments 
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provide necessary infrastructure, coordination, assistance and skills. In particular, 
Chinese companies in construction sector seem to be more matured in their adoption of 
green procurement practices than other companies in building material sector.  
• Green SCM practices and their relationships to green SCM performance 
(environmental and economic performance) are evaluated. It shows that there are a 
number of minor relationships among green SCM practices and performance. However, 
there is not any significant relationship between green SCM practices and performance 
since most of the enterprises just initiate implementing green SCM practices. 
Additionally, medium and large sized companies in Chinese construction industry have 
better economic performance than small sized companies.  
• In case studies, evidence of direct relationships is observed in pioneering enterprises 
such as Shandong Jinxiang Aluminium Corporation and Shandong Jinsheng 
Corporation. The causal relationships between green SCM drivers/ pressures, practices 
and performance become more evident. Therefore, the green SCM performance may 
be more obvious as the adoption of green SCM practices become more matured and 
widespread in Chinese construction industry. It is expected that these causal 
relationships probably exist in the broader industry and its supply chains.  
• Similarities exist between Chinese and British construction sectors, in terms of 
implementation of 3Rs, energy efficient technology, hazardous substance control, green 
supplier selection, environmental requirement, green procurement process, green 
packaging, green transportation, waste collection, waste treatment, and strong supports 
from regulatory bodies. However, this research shows that green SCM in British 
construction sector is more comprehensive and effective. The key cause for the 
differences is customers and suppliers in British cases have more proactive involvement 
in green SCM practices. The communication among British companies, customers and 
suppliers through implementation of green SCM are richer and diverse than Chinese 
firms’ green SCM. To improve green SCM practices in Chinese construction sector, 
this research benchmarks the two Chinese case companies against two British cases, 
and generates a profile of recommendations based on the best practices. Improvement 
can be made within green SCM practices to proactively implement inner suppliers’ 
environmental management audit, second-tier suppliers’ environmental assessment, 
and cooperation with customers and suppliers for green objectives, including eco-
design, green production, green packaging and green transportation.  
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Comparing with Zhu, Sarkis and Lai’s (2007) study in which the sample only included a 
convenience sample of companies and respondents were not randomly selected, this research 
adopts convenience sampling enhanced by quota sampling and systematic random sampling 
procedures. However, this study is not without its limitations in arriving at these overall results 
and this research can await further studies considering these limitations. First, samples used in 
this research were extracted from a government list, which may not comprehensively present 
all companies in Chinese construction industry. Next, the design of each questionnaire of this 
research was only answered by one respondent, which may create grounds for bias.  In addition, 
the relationship between green SCM practices and performance may be moderated by other 
organisational practices such as just-in-time practices and quality management programmes 
that may help influence green SCM performance implications of the practices. Finally, only 
economic and environmental performance is considered influenced by green SCM practices. 
Thus, further research would adopt larger random samples and serve quality management 
programs and just-in-time practices as moderators to investigate the green SCM. Further 
research can also include investigation of other possible organisational performance, including 
shareholder return, product market performance, and financial performance.  
While studies investigating environmental management exist for specific stand-alone 
industries, we contribute to the body of knowledge by further investigating green SCM 
practices in a quickly developed sector in a developing economy. The research of this study is 
original in that no existing piece of work has investigate environmental sustainability issues 
facing the construction or real estate development SC in China. There has not been an attempt 
to critically describe relationships between green SCM pressures/ drivers, practices and 
performance; determine industry or sector differences in embracing green SCM 
pressures/drivers, practices and performance; nor explored and identified gaps existing 
between green SCM in Chinese construction industry and British construction industry through 
benchmarking exercise.  
The findings from this research provide managerial and theoretical insights for construction 
industry in China to improve their green SCM practice adoption and implementation. This 
thesis makes a significant contribution to the field of knowledge by offering contributions 
towards a methodological position. This has been done by developing a new standpoint for 
examination of the green SCM issues. The construction industry has become the pillar industry 
of China’s economy. Supply side structural reforms for construction industry have reached a 
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consensus at the national level in China, which is important to mention in the 13 FYP for many 
times. This research is an in-depth study of China’s construction industry facing issues and 
challenges in green SCM, and combined with the success in the British cases to put forward 
reasonable suggestions of green SCM in China. In a sense, this research provides a basic 
theoretical and practical reference to the supply side structural reforms for Chinese construction 
industry. The findings also have potential implications on government policy or regulation, 
which is needed to support green SCM practice implementation in industries.    
Overall, it has been a challenge to monitor and measure the economic performances, and link 
pressures/drivers with green SCM practices. The relationships among pressures/ drivers, 
practices and performance are analysed by obtaining inputs from interviewees, and by gaining 
deeper insights from the two case studies. This research is one of the few studies that has 
considered the sustainable development practices and implications of the world’s largest 
emerging economy in the construction industry and may provide a precious portray of the 
situation in China.  
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Appendices 
Appendix 1 Questionnaire (English) 
 Investigation of Green Supply Chain Management  
Thanks for joining this research and the main purpose of this questionnaire is to investigate 
the pressure, practice, and performance of Green Supply Chain Management (green SCM) in 
Chinese construction industry. This is an anonymous questionnaire and the data will be kept 
safe. All of the collected data will only be used for academic research in this project.  
Section A: Basic information  
1. Type of company                □1 Stated-owned;  
     
     □ 2 Sino-foreign Joint Ventures;                                         
         
	xxvi	
	
     □3  Foreign Direct Investment ;            
 
     □4 Private Sector;     □5 Joint Venture 
 
2. How many employees does the company 
have? 
 
    Number of employees  
3. Does the company have ISO 14000 
Certification? 
 
     □1 Yes,                                    □2 No 
4. Does your company have the 
environmental management system? 
 
     □1 Yes,                                    □ 2 No 
5. What is the main business of your 
company? 
 
 
 
Section B:  Drivers and Pressures of Green SCM  
About the green SCM drivers and pressures of your company, to what extent you agree with 
following statements, (1 Strongly Disagree, 2 Disagree, 3 Neither Agree Nor Disagree, 4 
Agree, 5 Strongly Agree) 
 
 
1 
 
2 
 
3 
 
4 
 
5 
 
1.Either central or local environmental regulation is one of 
the drivers/pressure of green SCM in your company 
 
     
2. The product of your company may potentially conflict  
national laws 
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3. The product of your company may potentially conflict 
foreign laws 
     
4. The Chinese regulations on environmental friendly 
products 
 
     
5. The foreign regulations on environmental friendly 
products 
 
     
6. The Chinese customers’ environmental expectations on 
green products 
 
     
7. The foreign customers’ environmental expectations on 
green products 
 
     
8. Your company plans to create a green image 
 
     
9. Your company has the environmental policies or 
mission 
 
     
10. Your company has liability for disposal of hazardous 
materials 
 
     
 
Section C:  Practice of Green SCM  
Please indicate to what extent the following green SCM practices are followed by your 
company, (1 not consider, 2 plans to consider, 3 currently consider,  4 initiate 
implementing , 5 successful implementation ). And if your company has carried out some 
activities in the below, please indicate How Long it was done.  
 1 2 3 4 5 Years 
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1.The senior management team supports 
environmental actions 
 
      
2. The mid-level managers is committed to 
environmental actions 
 
      
3. The departments co-operate to make 
environmental improvement 
 
      
4. Your company is compliant with 
environmental regulations and policies, 
and has a system in place to audit the 
compliance.  
 
      
5. Your company cooperates with 
suppliers to reduce pollution for 
environmental objectives 
 
      
6. Your company provides the 
environmental requirements to suppliers 
for purchased items 
 
      
7. Your company chooses suppliers with 
ISO 14000 Certification 
 
      
8. Your company cooperates with 
customers for more environmental friendly 
transportation 
 
      
9. Your company sells or recover from 
excess inventories or materials 
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10. Your company reuses used materials or 
scrap 
 
      
11. Your company adopts cleaner 
technology processes for reduced 
resources (wastes, water, energy) 
 
      
12. Your company avoid or reduce use of 
hazardous of products or manufacturing 
process 
 
      
13. The Provincial and local or Central 
government coordinate the green SCM 
 
      
14. The Provincial and local or Central 
government build the infrastructure for 
facilitating environmental actions 
 
      
15. The Provincial and local or Central 
government provide environmental 
information and technical assistance to 
your company 
 
      
16. The Provincial and local or Central 
government popularize knowledge of 
environmental management in your 
company 
 
      
 
D Section: Performance of Green SCM  
Relative to your company’s objectives or competitors, how has your company during the past 
3 years, performed with respect to both environmental and economic benefits. Because of 
implementing green SCM practices, there has been specific benefits achieved in each of the 
	xxx	
	
categories with following statements (1 not at all, 2 a little bit, 3 to some degree, 4 relatively 
important, 5 important) 
 1 2 3 4 5 
1.Reduction of solid/liquid waste 
 
     
2. Reduction of air emission 
 
     
3. Reduction of consumption of hazardous 
materials 
 
     
4. Reduction of consumption of energy 
 
     
5. Increase of profit margin 
 
     
6. Improvement of corporate image 
 
     
7. Increase of investment 
 
     
8. Increase of market share 
 
     
9. Increase of sales 
 
     
10. Increase of efficiency 
 
     
11. Improvement of productivity 
 
     
12. Improvement of   product quality      
	xxxi	
	
 
13. Reduction of cost for material procurement 
 
     
14. Reduction of fee of waste treatment or 
discharge 
 
     
 
 
 
 
 
 
 
 
 
 
 
Appendix 2 Questionnaire (Chinese)  
.Ýè'yĒ×ÄÇø« 
ùù:+¦ĖAø«ĈÎÒÇîÊÇ£ø«XW}ÖëÝè'yĒ×
ÄÇ<9B9,iĂ,OrëìÃĈ£>LÇĖAø«¥Ě7Çn
íf,(×áGÆe§ÎÒ 
 
Aď4-[¦) 
1.-Iü: □1W¥       □2JĀ 
□3`WËĀÀĀ  
	xxxii	
	
□4Ð      □5 å8 
2.-INsbÙ£:  
 
3.-I£MČĆ ISO 14000Â]×Ä!Ø
ñó 
□1ČĆ;                □2²¥ČĆ 
4.-I£M}ÔçtÇÂ]×Ä!Ø? □1uÜ}Ô;         □2²¥}Ô 
 
5.-IÇî;P£:  
 
 
Bď4-Ýè'yĒ×ÄÇ<9OB9 
.-IÝè'yĒ×ÄÇ<9OB9XabÑ|	K
ĘĊ,  (1g,K
, 2ď4K, 3 KEm, 4ď4K, 5g,K)  
 1 2 3 4 5 
1.WlYÂ]É×Ç³³ï£-IÝè'
yĒ×ÄÇ<9£B9 
     
2.-IÇPW/³Hæ¥¾XÇ0Ó      
3.-IÇPW`³Hæ¥¾XÇ0Ó      
4.WÇ³³ïî°PÅĆÑą7
hÇÂ(î° 
     
5.W`Ç³³ïî°PÅĆÑą7
hÇÂ(î° 
     
6.W¹ÿàÇÂ(õî°Pą7hÇ
Â(î° 
     
	xxxiii	
	
7.W`jÇÂ(õî°Pą7hÇÂ
(î° 
     
8.-Ið5\čÂ(Çú      
9.-I¥Â(ĜÇïh£Ê¬      
10.-I¥¾XÇû_Ä_Þ¥k¿ü      
 
Cď4-Ýè'yĒ×ÄÇiĂ 
ö´¢-IabÑ|	iĂÝè'yĒ×Ä (1g,K, 2ď4K, 3 K
Em, 4ď4K, 5g,K) d©-IzuÜ~q
ĜÇ¶<,ö´¢
X%@úuÜiaĔ¡ė 
 1 2 3 4 5 x 
1.ĞÚÜÄ÷Â(ë<       
2.p×ÄàÂ(ë<       
3.āãæďĕJ$ĉëÂ(ĉ         
4.-InÂ(¬1Û+ßđêU/       
5.-I'yRJ$2omÂ]Ç±ª       
6.-ImĐý¿P3Â(î°       
7.-IċČĆ ISO 14000Â]×Ä!Øñ
óÇ'yR 
      
8.-IjJ$ċéæÂ(ÇćĄ       
9.-I3Q&Æa#Ç¨       
10.-I3Q&ÆĆÇ¨{       
	xxxiv	
	
11.-IĐÆ¼µ§·Ñ2oæ½¯Ç
¹â{¿ÇÅ 
      
12.-IĎ*2o&ÆÅ¥k¿Ç8č
·Ñ 
      
13.Ycz?øÝè'yĒ×Ä       
14.Ycz}ÔÌyÇ[Ïò
Â( 
      
15.Ycz'Â(ĜÇ)O
§= 
      
16.Ycz¤DÂ(ĜÇ×ÄÍ
õ 
      
 
Dď4-Ýè'yĒ×ÄÇrëìÃ 
äØ-IÇÊ¬£Õm,%d"ôþ-IXĆC 3xTiÝè'yĒ×Ä
FÇÂ]ÈOÜ¸È 1²¥ 2¥ 3 ­ăa4 a 5 ěwa 
 1 2 3 4 5 
1.2oV!/»!{¿      
2.2o{®      
3.2o¥k¿üÇ¹â      
4.2oæ½¹â      
5.6º^:      
6.úS      
7.Ā^:         
	xxxv	
	
8.vZĝ^:      
9.ēQĝĞ      
10.ÁĞ      
11.ÅÁĞ      
12.Püđ7S      
13.¨Đý¦ę       
14.{¿_Ä_ÞÿÆ2o      
 
 
